Nuclear Fission of Uranium by Khan, Shamimuddin
NUCLEAR FISSION OF URANIUM 
A DISSERTATION 
SUBMITTED IN PARTIAL FULFILMENT FOR THE DEGREE OF 
Master of Library Science 
TO THE ALIGARH MUSLIM UNIVERSITY 
BY 
SHAMIMUDDIN KHAN 
Under the Supervision of 
Mr. S. SIRAJUDDIN 
(READER) 
DEPARTMENT OF LIBRARY SCIENCE 
ALIGARH MUSLIM UNIVERSITY ALIGARH 
SEPTEMBEK 1 9 7 9 
^ 
^ 
) 
Coi'-
#:, 
CHECSED-20^,^ 
20 OCT ''^y 
DS1047 
.dedicated to my fa ther . 
miff <S^ *« of gratittia©, Wismtiy^ t ow© a dsap Se&Hk 
of ^rrntltudo to i!if affeetiomtto feoachsr P^aim *i*n»nizvi, 
Hhi^  of tiMi Bepartaefifc «B<ai IJ»itnirsity titlsmriafi for %l8 
fmm lfit«ar©0t In th© eam<^ IUatJlofi of tlila liibliagmpliy* 
X tm «l80 »ctKtHwly i^^ i^ i^ i^ ii to my rovp^ ^^ etea 
toidiia- % sitperviior I%r*lain|^ i4«9«a« R i^^ ler in tli« 
Dv^ iurtfamt for liis m»&<^e anS IntellectisaS. onid^ncio in 
^ i a vanttir©. Z ireasl.1 all his mmmme lieip vliicti li9 
kln^lp r@nid^ r>e^  to IM, foE> ithieli* S oaetmiaod msr «liiQir«# 
««im»st %f^ immetiisX ^SumfOm to him. 
Z «»i»iQit iimve f^ isisiol^ a on iiiy aalait of Qivtltade 
to toy loving toiKtior itr» lilsnsssfar Kli«ii# lecturer In thm 
'O&paximmt* il» Has •l^oyt li@@ft avsnHaiaft at owsrr inomeiit 
i»> ^ fiti^ sm0 i{taptt« of all liis ooae^ rmio activities aad i t 
i« hmamm of lilni Z tmvtt hmn olilo to acoom^ish of asoignai 
ta^* 
rifiallyt Z mm mf &^^ of gratituaa to my tFlmnS 
Or* Q^li^  ifwmm for hia h i^ip axt^niad to aa lAiila ooliaotiag 
tlia mSLmrmt ^atarial for my aissartatlof) venfli* 
8»J^ Z^BlDfit Klilll, 
Ai i<Qi^ 
C0n*fMnvB 
f i l ler Xf JNffiiOT^rED ttTSfr 
.^as!f t mmmmcf^m 
1 
BJfftOtXJKJWO!! 
f i r a t ©^t«aat l« ®ff<irt to ©sejlain ttio struettircj of an atoraw 
on t'N«3 basis of t>»0 iwray sc^t^rlfwi ^tperifnent© with atorost 
he uaiiitod out in S9<» that th© atom of m elmmt oonsista 
of a9era''iv©ly diaroofi #l®etrof» awS posit ival^ cfe«PSPS«l 
pax^ielQs in (30tial mtnftierst i l i leh are ttniieifmiy aif^rllMStaa 
in the mStmrim^ v^lmm of th@ &tmk %Ai080 rad i i^ i a o€ th# 
ovd^r of 10 «sii8» Soon aftor in l © l l Riithorfora »eoort«^ 
tiio rostilta of ^ooattoring miimr$msrAB hy mtam of air# aiiea 
©na gnM i n %^c!h h© fOiKi<3 thakt aliita psrticios tuare 
oe^sionally dofleoted €roea tboir isath tsff iaeige i ^ l a a * 
Thosa aliaavoia faot;s ooaia not: h& explaimtsd by S*ffm*Sham^*B 
«-«»iy seattoring tho^ry. ifttthiarfofa .aho»od by a ©ysfeastetic 
thoftry of cX -©catterlng that eatih. atom t^a a unall eemtrol 
mtelaua «Aiie^ eor^aina a l i thc» i^^sitivo e l iar^ of t ^ nttelaas* 
Hio safiitis of th is o^itxal ra t ion mkB tSfmm to l>o less than 
to ' * a is* TtNi olaetron^ of atotiis oeatipy positioiis oistaiclo 
i 4 
the fiE«5i^ ur ipolisaa* ftitis tho ean^ral f»sol@ar la^ioii mm 10 
timiia anallor in aimai^ion than tho atomic raciitiBi* Sinea th# 
olae.'taroRa ara i« ry llglht partie^ea* most of tho laasa of tho 
ato^i waa ooaeei^ratad in a mmll tfUGlaar wegUm iUi an atora. 
Tf mm tiSmm the fiR^eftta of «lieav^ mttm, th@ 
melmm %iill bo at wemt Swclaus tho oeatterirtt <** « i ai«l» 
pai^icta Kiliieti is r»l«tl\«»ly i i# i ta r ao th© csantf© of m&m 
wil l s t i l l bar iftBiiie th© t a i ? ^ naeletts. Th© ««i««asy «f 
aUtia-nartieXa inci<^©fit on the fwelena n i l l b© tsiaffacted 
ajo to ©Ic^etroriii in the peri^mtf ©f the »t€m ^ e tbe 
©flllLisioii « l l l ba a p«arely ©lastio oallisaion ^mm9& br 
ecttloRto^s law of €orm botiieaii tha poaiti i^l^ iihaxt^ ffist^ ans 
aritS the Ificdi^ sfA alTtia partielea* 
aeeofaey by tho halu 0f faB«fit«^pa«!tragrai3h« *f*J» h^oraaoa fomKl 
til at neoii mKrlei^ has tttfo laaaaea ai%3 m^ of the» «iaa abmit 
so 
ICi^ heavier than the other* Hiese ^«re desiftu^ea as wa ana 
He* • With the help of msSi&m imsa apeetrofratlMi atomie 
teases are ni@a@tir@<9 to eix amS seven eiigmifioant fl^isres and 
wseh laseftil infomation in &&riy@A figares an^ imieli « 
st.nieturo from aaeti mmmxtmmfi^Sm ^ases are fneasisred in 
eciaoarison with ose^ p^ n leotop"? o*" %liiisli ia si^posei te hiive 
a (98SS of t6000«ooo mass imits« me mam tmit in this 
niinner to eipal to l.6S99ietO ^ gr»ns« f t is oosmon pr i^ iee 
tet write miMSde© in tmem of tt»tt* or m«»»tt (millt mass onit) 
T i^o atamie tmm tmstsmrnmntm ham raoentJiy been t^one in 
ostnixuriffiEifi with <^^ isotoms ti^ cen m ISJbooo^ a«iti»tt« miis 
n m ^ , m the r<.d»ctlon of sU pr»«l<». « « « . « o^« 
male by oJoi31,s^.' 
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K i^cley.4 ' ar© baan«f t o ^ e t h ^ i n a rtoeloar 
psfcuntisi «;ell« i>rotofis t ^ ieh are p o s i t l i ^ l y c i^arcf© mem, 
hmmmr, rms^llim «»«« artokh^r- by a cai l« l>*s lepalsiv©' 
f<^ R?»« • The, naeligar a»t©iitlal8 foffpitTfeofis 2W<9 msMfefOfi© 
v i l l , Wiepofos^,' ha^ ?® a l l ^ i i t l y aifforanfe ftwra da© t o 
e9alont»*9 rrimil©l"wa p9t@«)tlal acting fear urotons and no 
t'&milBi'm ixit@?it!al fo r oQiatroiia i#jltfh sro ©loct-rically 
flieurtiral* ttiese ^sotontiai «Kan bo #iciyn ao plotted In Fig» 
(a) ar^ f b ) . 
fho eottlafflljs ip^cintlai ©fiesriy for psotons 
i.ndMo a nucl©ous ia givmn by vCr) » 3/5 (Sa /r>« 
IfndiliTidti^l tmsiaas® ar© boiin<3 insisSe the m i s l ^ notant la l 
«iQll la aiff®P©fit statiaiaJry ©tatco so that th@te bui ld ing 
on^pgy la giiren by ii«n. «9 i^atentlal enfoigiy -• K» S« 
(Sonstitufflita of !3ttel@i 
saf«©ral thaorlci© i^era prouoised ^aiit th© ntieiaiar 
<3Qfi@titufcim}» Praeoinafit mas^ thaaa i s ©i^stron proton 
ifcheory mn€ proton neutron thooryj 
'ti> proton^elQetran hvnethQaia t Be^ For© AiBotsflmiy of nmMPon 
i t %ias mnBi^ap&S i^tisA the noeloar isattar ^as csonsiotinif o f 
'profcons SB'S oleetrons* ^ i s eone©pt ar«^se bocsaofl© aieefcrons 
^mm found to bo (mitt^ by t^aio-^aeti^ns' m ^ o i i n b^tadt^say-
'pfoeessj iThi© c«aieo!Jt srsoisiad t o be eotind, a© electrons wero 
f « ^ d to bo ©mittod by b ^ a aotive mioiei bitt sai^r^al 8ori©tis 
lOfeffietiiM^ «©rB ralsn^ agiainst t l ^ » 
0f H !»3st)9r of fsrat^ and ft «itis^ @r of. tieutroiB ao that the 
nueil^r i^as ivMjar is ^ i ^ n .by /^  » 2 ^ ^« fh@ rm0&e af 
d^etcDsis ea^ «tid@ the tniiel^ Qa i s optal to s# ^le ritffiser of 
HEQitoita ttiilQ the n^trofia afo aiaotriealiir ti@ati^l« 
.«rh# eleetrana €Q mst ^ cist - iti@id# th© !TiiK?3.eas 
but at th€> tlia© <»« transit lort aithar a irotmi CSOHWEMT^ S int© 
a B«ajfeiE»fi a**S « poaitiva ®l©c*r^»i iP* —^ n • tt) or a naiifcr©« 
eoBvi^ pts ifit.o a lafoton a«<5 a ne^tive aliietftwi •( a ^ p** ©**) 
in «a<fio-aetii«i tratiiiB.«!!Kitlc« of tha iwietens ^Etnn p ,*<S€!«iy# 
^agsificatign of *3^ioi ? 
»iffor®nft kinds &§ atoaa of i^riatis alemmts 
&tG e laSRtf i^ in throa eata^sories* 
Ci) Atans wh i^ haim i^a msm % im^mr tu t dif^a^Qfit ^mm 
msibm h ara e^llaS Xsotop^ii*'. fheaa iaotofiaa aitlMHyi^ ) liava 
tha B&m cjN®^ »leBi heha'vioiir M t mra ha'^isf l i i f £^0tit iKsra^ iHr 
of fiain wms if^iaa thoir iRK!lai» 
Cii) htexm %iiich ha't'o tho nssmwmtim A Imt ^iffaraat ^ m@ 
oallea i@Qhara« ili^ae iwaliaxw poasesir &it§mmiit cSiaEftic l^ 
ana liiyaieai prois^ptiaa* Ih f^laara both g ana n hisifiKsr 
ar® diiff^ iF^ant* 
Ciii> ^«are «r© at^ wss %i i i^ 'hav© tho efttm ss rofffeiar end 
eio saw© mass tii»*fHr h bofe ere different la tfislr t5Riel©®r 
miirgy states. These finiel«i wt& dlstltimileiiefi by tholr 
dlffeirent l i f « tS?ii®s# ntieH niiel«i sra oalled IsoRiaric 
miel,©! Of laoRisro* 
fSaelear Peatlcaoo 
• H I I|« » I I I 
^&n m nxtimm or a nuerlesr T^rtiel© <|€ftfi in a 
elme <Kmt«et ^ t h amsther fii»slot«i» tite Iti^oldont i i i f t ie le 
and tlie twstget mmlmia taem m camxsBit wy^ma «hleh Is In an meiA 
oxeltod 3tf^@ and a f t ^ a lihort ^ l l o a re^ition la proAiead* 
11ilf=i ishenanoFr^ ni la Galled a noelear raaet l^* WacHeiir tfi^etlai^ 
are gm&PBlly prodw^d hy wsixmim tfia fstelol of a tmeoek 
to Q lieara of mielear i3ro|eetll<«! «Mr ^irma iraye* 
I f onotKi^  «i«*pgy l8 oivoit to imelfstis by tiMi 
Inei^cHit i^ ftl<Sli©# the r^xcfoss tajasltatlcBi awiitiy of tl*© tafipot 
fniciol mn h& foioaaad by t|)« «9iitaslcm of « ^mm iray# an 
aliha oartiolOf a oafitt-fon* a uxtnoii* a d i t t o s or SKiltlplo 
fitioloofia* A h^mvf tmsHmm n l# i t ttndano^ flaslon by biKia^lfig 
Inio t%io boavy fragarwmta* f f tbe eim^eg^ l a l a x ^ 
tbo iKtolaiss might niidar^ diaxuDtiais wltb o»laidlQfi of onall 
frapmnta atonQ tdth the ^lolsalon of a iow n^j^rona or 
frotoits* At onoffflr^e aibovo i ^ ^av» iMnf types of oartlelos 
{!•©• 7^  - l^eaofifj) ar® prodUGSfd, 
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Tho first rweliiar ntaetitm ^ a pro&iio&d by 
mifeherfor^ by &X^m i»«tli53L©o from fiatofful. ra'M,o-«etiv© 
ft!^ ^as idontlfled to tscoise^ d a9# 
H** •o^ _:, o**^  • p , , . ; ( i ) 
•rh® f l r« t raaetlsw proai:^ ®^ by an a r t l f i e la l i y 
aasolsratotS urafeoa %®9 observed by Cadkcroit an^ ^^ton 
%i^ 4 n — ^ JIB* • m^ •.'.V C«) 
Ifi tsueli^ ar iabomtoriisa tt> psodutse rmolaar tmnifiKifcati^s 
of elffi}@nt« by ouiti^ie fiud.@Dr pxt>Jectil@s* 7h@iB is an 
@f«:grB brandh of ackmc^ "kmmi as Radio Cbaaistry %liifi3i 
^mlG tdth tho laroiStiGti^ t an^ study of ar t i f io ia l ly pro^ ucsed 
isotoms* '^ liaso !!iE»8<3fclonMi csfi ba produeod by aesceiavatod 
<^af^ geii laartielaa* natitztsfia mnS gmmm rays* t^ shall 
asEKtiifie tbe diff^rcTRt as^ Kseta of tmelear raactimi^ t^iioh 
ana praSiiooi by those intiiaetileis t^iieh tran^sr ad ansf^ 
to *he targe* isMslei itvKsfh is not f?iaeh greater than fcha 
moan binding mamessv of sitigle liielous i.*0,<.SO Mov. »i 
stteSi react i«»ia# meefJii pr<ad«iction or eoiplrite diiSfuption 
or sDalXation of m»3l@i does not t a!ta i^co* 
X(i a mKsIai^ f@atic»i# ttion a projocTtilo *a* 
eotiag in a olo^o eontacit vi^ a nueleiia K« an aioshanie 
of enemy and ftoRK t^tiiit tulces plaoa ht^Mem the tnio p^rtielcm. 
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tifitiar a st^rt tism, mm or war® nudlaar partiel^^t or 
Q ^ anme r^if is emitted Srcm the resisting litteracfci^t 
alGfig ^ t h tlie taroclttet s^gtltSttal metlmmm Itia avs^iiiijie 
@ii^ e<9ir is ©quit^ly #iapa<St Isiy tlio @niitted ijorticio ©ltd 
fch@ e<09l^iai nucloos. ^ melaar r^aeti^m can b@ 
»ril£tfiffi as f 
a 4-X —:y y * b ••••<3) 
«^ if»ro 'a* ie th© ifwrMent uaifticle, X 4s tlia tawiat 
nucleus, Y lo tlidresi4^al> x^toSiXit as*3 b i© ttto 7«»stiltliig 
TCkZticdes a at^ b QV& th© imsiSaiit ani^  cmtotiliig tsartielaa 
reaTK!c?tiv©iy aiia theae nusy b# any o^ th© foU<ii#iiigf partiislea 
newfencai nfoton, atutron* aliahaaesitlelo, gmem rav or a few 
m»3l@mrsj %© micloar jreation of ©ratiatlonO) is alao 
i(^ltl:an as 
X Ca#bl Y 
In a l l Hies© raielaar iseatJlon eortain lat^a of consorv^tion 
are db&^m fxtm o€ the ?;ihyclcal oftiai^itlea «Mch Q»0 
eoBseyvsS afe as fi^lti^^sj 
M Total <t^ KT© before ar«3 after tbo reaefel««i is 
cofis0ri>©d» 
(b) f3if!t»«r o? m«5leoas betere and ai^er the raiRstioii 
i s eamerv&Si^ 
M f^tal enerry of the wirticloa befi^rt) ana after the 
reaetions rmsiMie thf? sasiie, 
W t#iir«ar maraefitis!!/ Armil.ar frnxaantttnl isotooie s^a and 
narlty are the other liiysilc^l «nantitiea «rhi^ are also 
et^mBTv&d in a iR^ear reaettoa* 
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'Total mnmiw in th@ e&m of ntietear rtaaetiona 
iMelvtSen tfi® » « * mmen^ hmsmmt tfm taasa awl mimpgf mm 
ifitmfemfimekiehl'ei «ftistii|tl.®fi ir»id« the i«iele£»* Bizo to 
thid w© fffjiewiHy iwpswiissi ttio <a3if^ as i^ esit ©noftjy rai^'C 
piias til© iciiiotio @ii@»97 I3c in th@ en^r^y bslvies oqisatloi^ 
of th0 JUiclcsar rgactiwis* Sn thas© notations tli® tiiaissQS 
gS® QfssiiapBilly i^ epz^ odsod iin 4nci£<Qiy wiit@« 
t f the tmt^B^ mslmi^ is of encft^ y m anfl a 
i^o|oetii# of ©nejfigy fia * Ra iRjplise^ on I t with th© 
irestilti' a naroi^ ct auelims of &emmf ^  '*• ^ an^ « 
portSel© of m€msf t^ * i^ are forraca, then c«i the basis 
of th© cor»t@n?ation of m&tgf* th® niMjloar ^saetioiican 
bo «»ritteii && s 
or * V * a ^ * ^%*%^ • 5^ • % • Sg 
f t ^m ^rito 2.n^ • *\ i * ^» ®'^ 
as in i t i a l and f lnsl i?BSt xmns anezgies an^ F^ and 
B|, as in i t i a l s nd f inal tsno»gi©8 iRj^pnctivcfly, then 
«li<3i^  0 ®^ eallcad th© miiotion afmcgy or thml^m of ^® 
ipdl^ar reaoti^in Tho 0 ^ndye of tho mioloar enaction ie 
a mstf iinnortant peatem^^t anS tvia a aiiiiiiar tola at the 
Oi^ wdlues in <s%@f{iicsal ro^stions* 
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itjo binding tmopqry o? ntielef as tnoldo the 
nticloos I t j^?ig cbomr^ma tlltat the aiham of binding onexcry 
t»ith A ;?^  20 anS tho TOiel<r*ar density restalrs tiraetlcally 
eo!»tant. Thle woperty ie slniilar to a &rop of llemift 
^19P9 aifforcBt- iJartlciQ ar" boim^ Inslfe by moloeular 
foHjcss ana am In winfiora k fn^lc mfftlofi sharlnqr mt^segy 
from one another. melo< liis inside tho niaslouB sloo hav© 
a felnotle emmy of ab»it ^ ri@v an6 aro basia insia© a 
mwiofir potential wall of 30»35 «lev, Xf a fiticlear urojoe-
t l i o froffi otitsldo enters a nooleus with Bmto kinotie 
etmwf^$ tho ^her rfoolecitii} Intnaaiatoly dtmva I t s en^pgy 
sm€i divide i t rendaRiiy to a l l tho msele iia iw^aent Insldo 
the miel^iia* ^ © exoltatilon ®fiar^ Is theref«ro very 
cfalolely dlstrlbi^ed eamng th® eosistltuent iwelef as, fhQ 
mieleaa | ^ s heated up lusit as a llqriiid &rap Is hest-ed 
tio after getting eneitiy frcia oiiteide* Sn this praoaog 
of eneilfy sharing* i f a nmtof as or a groan of nuetc^ us 
get an eieo^s Icli^ftle «ieftry ^ l i ^ is equal to or greater 
%%Qn their binding ensKgy* thm^ tiertlele are released 
from th© fiuel^ar blndlnrr 0ind beecme irory^ h resulting 
nuclear r^acjtlon <^n be written as 
a 4 . i r - - > e - ^ T • b 
ttiere e is t !^ eonfiound nucslmis* 
1'. 
(itatci aw^ tfir* onfiinsion of lEweloar tsartlcles wi© first 
<ilt«9n by ^,Bhor» "^lo csomsQi* ie Holtsful In eni^lalttlrtg 
i5©t«ral tmjwsrtawfc. |srooortl<39 of Ion &mmy f®aetiona» 
,%ecMr«3£iig Bestir tho fiiiol«^ar r^etioris fea!r® t>lan§ in tw> 
i^mm^J Plr«t tho ccrwtMfia mwsloar Is fcMrrand ei^ tho 
excitation Qftofcry i s randoiiiiy divided #*»ic? th© eoristitnont 
!i«»;l© »ns. After a sihort y^il© 10 "^  390 to 10 ' 90c 
or^ of tho mmlrf <aa or a crraatj fiuelo' i^ ooll^^ete a raajor 
i^ere ^ the eaeitatioti ofiemy i s ojeetod oat of the 
eomtimitid nueleue* Bi eaa© the oswitation m^&ecfy i s lose 
than the Mndinef @n€a?gy of nfjoloan^ tho oweoss m^smy i s 
(irii^n to Q 9ag!i!ia s«y fttoton i^ hicSi i s limitted in duo ctsformi* 
•The cofmoand nuelous can be foimoid in difl^oront 
ways and can deeay also through difff^rent tStamcHsJ m an 
sjsasnolo «© can tako tho forrmtion »id decay of lUl 
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Al fmwB 10 th« ooEmjmif^  rmolaus mn0 la In 
13 
an osaelted stato* Ttm eKibsa cKasaegy of this nu<il©« .us 
to called €»05ltj:itiem ^Tero-yCne) •Ph® a:8Cltnti;3!i ©Ropgy 
egn be ©stimate* ^r<m the blnaiitg ormpgf earv® In the 
Birring ©nsoeciy diagram 
t"^  cart writ® thQ rcfit ir^ss: ©narrry of a rmcloas ®sj 
tiiioir© fg Is thQ Qirera^ birtaing mnetgy tsar iKarfel«^ Q 
of tho parent m^cms. 
Siriilorly th© tysBt mass oites?^ of th© tsornrsaiEid mieleus 
t?ill fe© tiritfcen a o * 
c p o 
If the rc^st map© Q!iowy of the ecrwourKS wielrmra In i te 
^^otma i^at© cK»i0A<fei^ <9 i«s^ b f^^ aro i to forrnafelon, then 
i t id.ll bci 
n 
cf c a 
m 8,? f%v (&«-A) • 1? In th® mm of «UL l^0 gr<cm> 
m 
of tvieiai* Par alow nsntfon urolectUes 
BM n^ J^ .9 fi?»v CA*-"R) 
• f}.'!2 He^ «|3wrox «# 
t^lidi Hai>a Mndlng mmmt i*^ *" part id© 
\^  9 f^fif thou 
Sg • (4x8 - 43171 WGrtf i^» 1=:^  
and QimUmlf i f Beurjtcotiis ^l*'^' ®*^  '^ ^^ ^ o® ptojeotlles, 
thon ^•CSx fi - S«? > Me'tf • Sa 
^14 tfl-V • W& 
Vra^om xmi& as projecti^^Q will give an ^ositation 
• 9 ^fli^ • Ba 
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m this mmnrmt ^m sea thst wt^stom or netftifos 
%G %9&l% m "iilTtia mrtlel© gi-v© an €»i^itetio!i oiKSitiy to 
tm^fGk BOfille ^ l e h la 9it'h<gp of thn opa-^r of th® 
'blrtSlfig 0»i@fw ^* *Ho IncSiiJldaai mxslB^ aa <«r t® lower. 
•ffmtm in «*r<3<ar to 0«it a tran^tailakiofi inaction !« %Jhic^  
Q noeleao <«p a p?m«> of imisl& \m &t& i^«di»3«3 &$km the 
ai©iLi«f»?«atl«i of th0 emusGrnvB fiaelett3# *® ha'i^ J to givo 
s iisrcp Ifittlsi aooedfutlQfi t o felw i5SoJ<sc5tlJLe# 
' ^ l < ^ ?gar»!iti|tatiQ)ji8 rxro^seuM by difforeWfe Kto% 
Wn tho oarly laorloa of ^i^rdimiwnt of raielcar 
EiiTi'leo* tMcfl<*sr fieaetlonsi w(w® stuaioa bf bastear^ifig 
t&ggm^m tnaltorlaifi ^ t h ^pha partieias hm. tiith the 
lii^^t*j.o!i of acaedtorriting «!iaefhln©3# oth«3r noslosr 
ixroioe^ttlo liSto ii@Qiirot%i« I3ra<»»ns« <3@iit£Ofi8 and aloo 
g !^fia jsays war© o^l lablo t© i»rodisoa ar t i f ic ia l 
tran«Mlation of ©lofaantfi, with th@'i»?*0ont <%y mag!hific^ # 
a t#jl^' oae«iy ran^o of ta®'*'*^ ^^ !© as i?aoi@etll®9 i s 
availalilo* Eloetfons ar*% alao aecsaleimtaa t o i^ bout 
S^O f^iv mawg^ %iibif^ wim nm^ to wMQaem visrf har^ '^ 5»«ay« 
ao-ixwRof the Inip^taf^ trafi«»ilation fea,etloi!8 i^ t^ N»3cid hy 
aif faront k in^ of iwojaetilas at l<»r ©iKarciy < BO r^ e^ 
af© dlts«»}90<3 itt tho ifellorififig liwasj 
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Hie f l r t ^ a r t i f i c i a l t ran^^ ia t iem WQ&mi&& 
ana t:%lton by "NiR? ifapotoai© with liitliits!t mxdi&mm Hi© 
tQati«m-was ilistc^stofi I n a, elmiS ch«*>®p. 
Thio reactiofi ean be u f i t te f i as M (f^^^O^lls 
otfior ifsportaat ®sas«pl« o^ f C *^'^ ^ I saaetloip can ba 
i i r i t ta t i as 
i tetoas oan also tsajoaneea (P#n)t <P#iS)#|Pfr) ana 
<P#t!f>) seeetiaiis* ^ « ^ t ^ i c ^ l msait^loa o f att€^ . 
r^aetioas ar® glwtn bairns* 
iPmU) fsaaeticMi 1 
m pi^% P — (gycu^^i-g^s^* V 
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(P0&) resetions 
t^,^ '^  4.P ,—^ i^ws^y ,-^ jU® • a 
(P^r} f®a«tl«a 
fft thm& t^m^itmn the ^^^il^tmr wtommt i© 
wto&m:^ In i t s @3«?it©d mm^ hf tivs alsaorptlcm of a 
MPotofi and eopses to i t s gtmmS stato toy tliQ gmi@8ion 
of m gmm vmf #ieyt<in« 
Th©^ x@aetldno aaraefeln^ giim ditite lii#i &twmf dK^ons 
asitt tliQ eas® of t»l i^liiclst gi«©@ ^ i? flefV gaJitaa «a^* 
ih) ffmmma.^ijm vir€3$am& toy aoatyw^ 
^ni'rofiii fm^m r® eieetric <aia»gr« and tli©xeiQ3?@ 
eafi ^ ifi3i<^ a iiosltli^l'^r <^««;fad iiiislei» ^ttoeiot &mv 
earning a eatsulaii^ ioft;® uttillSce ppe^oits* douteofie aiiS 
aii^la «^itlel@ tMroJoctiloafJ Thtis, e^ i^ti sio^ tnvitig 
naotroiis can tm aasd for mud^ Qar traii€)n!i^ ation<3#^ si^m 
n 
vem€iti<m& and mmr mrm gmmpolly mw^eei ^^mn in 
pasaf fin or yfektsr boiore tmim ^^^ for tr&mmltmti&rmm 
mmxfm tlve lajpg^t mmit&ti&n fsmsm^ to th© 
x^viiixstiiid m^lmm and attar my^temm, these paxtiolos 
^m ttio hmst for miel@^ trsusiiiitatloii* 
< )^ i^ tsato ai8ifitoyra»ii»i g@«gtlor» 
INyto diiaifit€|9»ti^fi ta|j©s niae© If tJi© 
m^fm r^y ©norsy le ^noi^ h to %£btmtm th© Rkselear 
murtiolo from ita binding lnsM@ the mieJious. tjm 
enarcry a^nma rays me^ mhl& to peoauoe flioto^lsinto* 
oriition of doiit-oriisi!! i«»l@its m th© binding ©nargy of 
d<Hitarltn i s a^uss Weiv only. 
i«^ • r —> P* ji^ 
t^oeloar Fission 
some of tho boavy i»ieU<30© iiko tamniutn a«i 
T^fiorltini laemk tio into thoso %m^ fragiwnis ^ th ait 
< *^r<i!iBly slow rat© in th® nmfe^ ral eonrsa e%S timo» 
*mt8 tilioneynenon is todhniesily ^mpm m ati^offisiem ®ni 
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%^ke0 iJlae© ^ t H an mvmmm H^© I^siQ o« ^ to V^ar© 
In til© eaa© 0^ urawitpi* *te»y heavy nueloi unftspgro 
fisstcm by tti^ bonbitie#!isnt of enet^tiG oatffcxoits* 
effleleiie? of tlioa© i?^efcioiis t® poor an8 fissiowi y i ^ d 
Is ii^ry ffi^l. *Ph€»a reactions sfe ttisroforQ af no 
fraeiical liapott^waa, iPh© slow ma^acon fission of 
ttsanitsn iw»topd9 \r ana t» Q d^ mi IMP© ^m only 
I^ Q^tCMISCS^  Ditlidhi 8f^ ItflOtiVI (SO ^ W l l i ^ yln&llSd &SS iitQF 
*rh0 most ImfsoftftfH f^attiiti of t!i@ iiedbm 
ir@aetion id that mie^ Hmifm of the tiuelaiis by an 
l,fic l^< r^it fi@tititiit fiK^ odiiGS09 wis0t& t.lian CKIO naiM^ psHfi '^NiQEn 
tlio fi^isHiio fit»slfiftt8 iKTOiek 1X9 if^o t%0O fiaolcaiff frapisfifcs* 
oat of tho thsm iMtmm i»o« V^^^7 ^^ m& 234, U^^ 
isotopes aiono i s nso^ii a® ** i® fissibi® itltli t!i»«»€^ 
fm^txwm* *rho fission of W"'' is rnxmrns^ Ijy tlio 
%hm3 9C| and ^ ^ '^^ iimimi ftna^tieftti of istfarmofiidt© 
laaaa ana ia « » ajv^ra^ rautosr of n@iitrwis mso^ kteoS in 
@fvory meih fissinn. The 0 i^lita of tho reaction is tlia 
fcwa of the Ic i i^ ie mm^ of fission ffapE^afea ana 
imttfOfis* 
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laX9Q oxeosfl of natitrons wmt isrofeona and boeaiase thf^ y 
oeeuia;^  a laositian sarno ti^ ofic» In tita middle r^rotsp of 
{iael@i In tho periodic tgible. *rhoy af® lihorQfoafo* lilerhly 
unatiMd dvm to a laxge neuitron oaaaeosj Thoe© ^^ pagfmento 
limit v^raye, |i tiartiel®9 and d^aiyed neutron In cruldk 
transition In or^r to come! to <|raiinfl etat©. •!ti©y iroleas© 
aiK t^ 30-3S Tfeiv of onopgy 9«*i after tholr wroaiotion* J^l^  
filnai ^wsy Tsroateto tshldi arr* foctnod, are not always tho 
Qa!%s btit tf^y depand uson the difftjsont daea^ elaim^ timiiicih 
%4hle^  they hav© boon ijrodijced.* sours of th^so dot^y dhalii 
havQ b©f5n systonuitically Idcsitlflod* ono of these ctialnd 
Is Indicated hcuro as i%>lo%.«} 
o" >2* 
®^  53 34 
9hQ flsnion yloid eonslsts of a lazfre ntzilber 
of unstable end eodioactive riaeXIdasr ^^oe^ of these fisolon 
flroaacts &eo ««actli^ onS aorao five f- and T cmlaaioii* ^lon 
t)ie esnltatlon enaz^ Is l a r ^ :^  0»iS Hc^  esosess neutfone 
are eleo emitted by aofiio aregmente* 
iO.O 
1.0 
.01 
.001 
.0001 
A 
tis 
SSBIM J 
Slow nrntfom 
fission 
§0 iOQQ 750 200 
istrlbytion of fission yfgld with m©ss numNr 
A of fission ffEgmtnts. 
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7h« s^Iatiii^ ^btm^nooe of firtai fission ptoBiKlt,& 
anfi liftim also bueti estiiftstoS liy <$ia!iieai fii9fc}«»i38 a@ «^U 
ft lias b@dii estdblisli^ tli^t t l^ Taasfitnam 7lei<3 of fission 
pro(3itei!s i0 araond wmtm tKB^mr 96 anS I38* ^Ma indieato@ 
that t!«i f!ttel«»ar fission is not gyna^ric* *Jlii» tSi&tmt^mp* 
i s t ie asv^n^^trf i s sloir fsioiittofi firoiofi io found in tr^ 
and w "^  fisfjifm as wsli. tf, tKx^ o^ er* fi^ion i s fifodi^ soS 
by i i s t naitlrons of f^^ icr^ ' :^  16 @^^ « the ntaoiear fiesion 
'beee90i@s moro audi si^ pa ^mso^fio* ^^s fission yl#id of 
difforent fr^pents i s uhamn in ttio fig* 
*vtm othsr two iKKsiei «^ if^ > vmsor m fisoion bjr aiot^ 
ff^^tmB i»#« ^3S ana ^^^ ^ not ©eear in aatur© 
in^ are atifieiaUy pco^c^ in ht^0&t reactors fiom e*,t32 
ind 119M"' Isy tlia foUoirln? f^saotlwis. 
• ^ ^^^^ , ^•m^^s ^ jp 
«^~ii[^''^>9a«^^' 
and ^n* • ^^— ^ 9 © ^ • 3P 
fi^^ audi ^ ^ Q%n b© wettt^fi so 
i*»«ap9 the atremero neiM'Wwt !?@Ulds li» tti@SG t^o t^ckixnm 
mt^ qi'mn by r* atwi r* • arna aro ?«50 ana 2*l99 eospeetiwlW 
laffe as emmtm^ to tlie a^^ f^ i^ ntional sooKtsos. In mcx^ 
wmlam iirificamolncj fi8@lcMi« a total oiKwgy of aboot 200 vm 
i s mraduc^ as kittetie mmeg^J fhmtm mtB tm^ i^ aya by iMc^ 
l^ ciu em estimate tf^ mmmf oi fiasion 
(1> ^tifnatiofi ficwi tfw3 energy of fissiofi 
(2) ^tifsiatiefi fxvm bli^ litieF mmigf 
^fm mmtmB that 4s HneimM i s noiiaaUy at 
reat caia the R^ai of tisi^ riKis pr<3aiue<id in fieaiofi ia iwry 
n 
th© t%m frmfflofits eaiTy nearly ^ l a ^ &n& orrKKilt© 
iFt^ian fsmcfaefitis just aft«»p th©lr Barfimtioii) 
Vi " Vs 
' 1 ' % " "2 "1 
or 
E 1 ^ 
Vi 
% MU!f4» 
• %^2 
Hj/M, 
llfi oadi fieaioR of a wieiear y tm^bew of 
i^ittromi ar@ m 3^Aie©a on an aiwra^©*' slo^ noatrorig 
fission yields for ir^^ ir*^ ana mr^ «i^ all different. 
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aro a*3ltt®a In t ^ itta^ go©*' Pies ion Rf^ trtsono % i^eS) are 
traSaeod ifi@tan^«f}a»ttBly eonstittita a faai®r£ty of nentrof^ 
but a v ^ ^ ansall fraction ^ «64*S of nei^fons ar© ©iiitt^ 
If^  «li© fine Ian frapnenfes In a tim© #sic^ riiiie?©9 iron a 
i?9^ ©SKIJOf^ O ten rtifltftf? <0T SO* 
*^ *»9o nsin-Ksns aro called tho d e l s j ^ nmH r^ons* 
^tiQie <feloy^d noutEions* altltoii^i q^t© in@ignifil<S3iit in 
nifgbeir, \mi$ in contjelling th© fission rei^etlons In 
mielr;ar ao^lcoo llS^e thefmal reaetor»» There m& B&mr&l 
<9i0t!nct group?? o€ tkstl&fB^ maitt&m) ^ t h thcslr mm 
t ^mc to r l s t l e llfo tin© an<S iSoc^ y rat©. •Thes© rataa anS 
half li'ms are th© prc^erty of the rmrsf^ m^'^ar 
fragnfeinte ^ I c ^ prwfifcfo th©s© delayed natsurrons in m 
rtx^io actl'o© S^oe^ y tsroe©o©» 
yHQgqy r^loagod in Fioelo?^ 
To calc'Jlato the energy rolcsg^a in flesion 
If a nuclmio o '^ fnass w ^ ^ r A ana cfiarrfo s I«p<5i3€0 Into 
two nsialles^ micsloi,' tn a slfuplo casfj* 1st «o a?^i»!^ 
that the ttio r^^fitilting nudlo ar© of the oafiii sls©^ then 
©narf^ y releaao^ cafi fee cjalisuleted 
'f 
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imiiiw III III HI II im II in.riiiiii miiwnri iir i inii I I'liiii I II inini wnimiinii wii > i i — — i — i m Win 
than ^t .^ '^ in tha ,»n«dle tdide aro m>t Couna 
in fta,t«if« as thes© aJ^ short: liv&^ w»r»to /-decay 
and alsci unSeigo.an ssstCNf teeianj ^03® ar© pra i^Ksed 
in tfm laboiratory lyf vaxl«»^ trai^sulation »a«Kjtloiia» 
at© g.t\»iaii as f0llQ»«* «if@s3*«iiit«i C*^  •» 93) f^otonlum 
CK m M) laaerleiiKR (»i*9§i>, curlvm (5W96) lafee. 
l9©Rsteaa?^ ii9rtt ttf tti@ Jiaa^^ rsielai toy i^(tt^p»no, |5©rti«sl©@, 
or either aac®l«arated lo«8 l i t e e«zlK»n# borcwi or 
(1) B«»rtanl« - 95,t)="» • n .«gO»» -•" ^  9 ^ „ « » 
( t ) i^iti:«iiiitt * I t im proelUdad by th© p <5@eay of 
^<^ mmlrnim ae t^ nsU as fey aa 
( £>^  # B^  reaction ^t l i 92" 
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237 fk 6ec3^ by o/ - csal^ sslon t o Wp 
SS^^ — ^^f3^ 
<4) €iirtixa • K i s Qg sluaent: In th® i»sr4odlc 
talkie and i « slmilair t o rare earths* f t ^m'S 
iMr<*3iSee« iff tha C «f#«) r©aeti©?i ftom § 4 ^ ^ 
as ^XXwm 
^Thoso eleraenfe© as© a l l iwstable «nd have biaeti tsj»<3«Q0a 
ttirowgh various waeX"^ »iati<s«io» 
H I wadt®ar fi»iii«si «*9 « l t ^ r use tsrmliffi 
car Thorlom boe t^tsc* thev aw h©a'^ ©lenients, Wi^a there 
i s fisslcm of miesl'^ «a af thCKSo elenesits by boRS^rdiiig 
th« ^ r t i e l e s on th« fW€!l©u9 saa« itotrrons r?volv© i n 
the reacti.«»t* ^'tese neti^ -rano again react w i th th© 
fwieleas an«S aome tnor© rfsnitrtma ^ U ©volv©* So i n 
t h i s way th«»i8@ tiaqtrcm i^ ich are ©vcslvlog in th@ 
roacticfft ^ 1 1 react with tho iinelmts 0^ e»ntinc»iiily 
^ivia th© naatronii. Sa i t i s a «tiain roactiort ^ icS* ^ 1 1 
nm«r end a i ^ mor© ana ra»r© enar^y w i l l poaaiiee in' 
tha raaetitm* i t ie c^eiy t o fsrodhiea ef©»©y bat tho 
iprcblePi in hxsr^ tn ©ontrcl the et^asi^/. 
pj^rr 21 MTMi^mm %w!f 
u ^ 
t.' imM (ny «*©• AsyiHitotrie fisaion of u in a 
10,4# 1974, |S2§-4?,p, 
A, slffiplif leal wmi^xmme^mrtvt^m^l^Qe^ pro^ee 
i^trdai83@d Is^ r ^larsax* Is oxpreeooa In tewws of 
i^lrlnf mn& Cenfcro-ofMaess ctarecsticm are iaeloiSed 
and tmma eonoi&tin^ of the nonortlionsai eioenstates 
off t!i© f^hiftad defcmiQa a^daily sysiitetrle lianacmie 
^eillatc»rs are uaea %«ith ixaFG^aet^ s cjlitaliiad tmixilf 
tvem rmeiear matt^* ar^3.oseiMli@U fiuel^E' prcp^rtioo 
^cfcofisiva fiasttlta on noeleon aenoity er»n^oiirs at 
tiotets &n th® %«iy to aolasfilon show tlm aarly n m ^ e o 
of binary eltsitar skrtietur© 00 mUl as radial ^analty 
fluetustlona ar l»lbbia atroetur©* sliieS.o(»i slngla 
isartlelo lav^sls m^ attiar nudlear ive^sartlos are al0o 
cmte^ dLat^ a ao a fanetion o? aefoxraafel^ n al^ emcF tii© 
f Ifssioa path. 
f.« ShhVfW in) ©to. h&ymmfriQ fisoloa in th© t^o 
eof^r® i ^ U . * taotSol mya.tiQlt.P. S!r,'Sf D®e.,i97lT 
A elRi?>l0 t«o oemtor aNeU-^isaol (1CS) la pwjposad 
for tti© a^serl^lofi of a(pi!tetry In tli@ fission pfocQfsa* 
2e 
^ratllminaiy ealeolafcions lio iar have been vmr^immd 
fm ^^%_, ^ ^ , *^^ CBi af»9 ^^SfflJ I t turn mt that 
with «i© imiKisltlQn of veiliwia eonsenmtlon in tli© 
efeplost iiay i»s9Sbl© th® biprt^  Tcs 199^1 witherat 
tneltssian o? tiiom 8<^i@t;le9tod t^ee^ dadi 80# 
Tialr l^ eorroetion ar^ e»»f9? evnoEn^tlsation* ylaias 
gtri^iinfly gwod result g fear tii® ©xosrlmental mass 
ratios of th0 fission arapisiitQ. 
Vjt'SS^-fMm iP\ otc'Fission wstm aoi/wf^ry as a %fiig^e 
i99Poeo8s» !%roeooaia^ of iifiton^tlmial con^ teRsntso m 
l<iael« myB» vol# t OKPRiwny t? Augi.- Bit s^jfc* 1^3 
inr«3mi a t<»o cantor ift^ll moiSoi aoeorlbo h^ the par^sistar 
iliataneso l»t«e^n tlm tiR> oantros ^r nae^ Bt dofoct^tiim 
of the two oeellla^fcora r and an &&ymieitvf 
iiara«atQr •• (O^ ** ^^^ *• tfiaro %*Ag ar© masses of 
1^ 10 1130 irapionta# oall^otivo potential mmegf marieism 
nnSi m&SB oar^istor fmvQ boon oalcsalated for tl m$ 
i0%m^ nudoi j <!ni@ oslloetlvo flg!iiitonian i t 0<A^^ in 
\iim mt^rrsm aSialmtic l imit assailing that «i0 oeraatiafm 
liaeoiiola^ leaaincr to a oR@>»diiaansloital oefoation in Wm 
iis^Rpitry imir^lo* 
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4.' mjomtm^^ ma&mne^ in the dL^remio miA fissiofi 
&tsismy mofles for laionic .afeoras. 
«fimsl!@ttJ|. 4??R# Sf f%r«^* 1974#42aw2 
#lffi0i?@n€5© In ttiQ Qlecftrcsole onS €iomi<m ricstssyo of 
groufitS ^at© rauioie heavy atooid* i t ia Inteansretafoto 
ifi terms of th© rss^ lafriv© tjopal0tlon o^ t«o rnKsloar 
iitat©8# tho lacRierlo fisoion ©tate aiw9 tfi© graimS 
state* *rhe ai*sli«sjtla8i of the RII»3©1 to ^ % if!aje3t@0 
there eoulif be a sicynlf leant pc^mlotii^ of tho Isomorie 
©tato a*^  tho ©Rfi of tiio rmapiiCf atasile oaseatSo* 
!l.' Bmmmi'^^ in) &n& samnm (RU on® of tho s«sial 
asygc^try of a f Iselcsa isiiKsleiM* Pro&mSixm® on th© 
Intisrmtlofial e<aiiarene"? oa Wici^df T^VS.ICO ^ 1 * 1 * 
Oarraany* ?? aug^l sa?^ 1073, S9l W 
Iho iistial t^ fo 6itt«%oia isoission oonfi^niamticfi ha^ i 
tj^sn e^efidodl to fr4-«i«ial olllpsoia© In carter to 
©tody tho b^iavioar of tho pot-entlal ©nea?^ uatSkir 
fic»i«a»iaX <3«»fo»!^ iofi of both fragments, tn this 
isolated eas« <HI» e ^ wary l^imth, luass asywietry and 
-asdai asjparaefery siRMltaifiootisly ^hilo s^eatln^ a de^p^w^ 
of niinarieal slmiiliclty. ft io femnd for ^ Vhalt tho 
effect of i»n asdlai dsiffsiination on tho po t^ t i a l ®n@r^ 
stKoRffly ^o^n5e on th© mass aoyni^ afeiry of th® nucleus. 
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llncl.ftivs, fi li 21S, 2f fSm 12,19?3» 399-4S. 
In er«*»r t^ a ®ti»!y th© influ@iK3» off tlowiaticms 
ftroBi a^a l sjiwnQtry on the pot<^tiBl ^laityy at 
GonftiQurat toil Ha® besin '•«tQ?iifI®a to trivoisia^ elilt!ooi«5o 
Ifie ®dlabatle asntittirtloa has bc»€si e'ooKled by a(3iti@tlR9 
all «^ml«9s to (?xwn!ti©!ital feta, iHjeierleal results 
afe cflvQti for t^^ity mass tfivloiwi of ^ . 
7« K@SKnit«;\is IF^Oal @teJ Bls^rlifeiiticBi e«>@fflel<«t0 of 
^fjmxsu n&tm uhf if72f 64*7o. 
%s nctfEt of a resoardt oto^xafime on taiMied 0« f^  i^iteiao^ 
idhie^ i s a uosolbla fmIX fc^ fast tfrnnskixB^ 1 ^ a^hora 
as^^ifio^ by r^cnsmdb® a^alysar tha diisftrlbi^Ion of 
tl ana ^ l3at«@f^  th© shasaa |tl,t^) C ana (if^mJ^CS. 
•nio tyijea of si^ aplear werQ a^ailabla^ with m/Ctf • PuJ 
rat io of •SO ana «bo« 
29 
CBVJ^ TAI/XSRAWff 
0 , i^m^g®! (•JO) flte. Flsslofi l i t © tira© fs^siixed 
Issr Crystal bloelcliig <»€ fiir«?pa©nt0 from * UCili) 
3S7*3t p. 
fh@ l i f e tira© of •* tJ eomixniiid naei i^ iNraed Sn 
%Cfif) wmetloi^J him been it^a^a?©^ at thi^ae 
f^ittrion @!i^ !<pl6S by tbo Opyskal bloe>«ifig l i ^ 
tim® t@c/hnlcra®» f^tio restiXtg a i ^ 7 «» J^O • 70 
as (l»*r ^ v ) . » 5<30 ^ SS as I2 .3 ?«sV) ana 
100 as C3«6 fiQV). pMT tlio t\m tmxxt 
oner^es tlt@ asdLal &ID0 v!lm&e mothoa s^>r €)f€etiVQ 
esetractiim Havo beisn conpaied {»iif the results az^ 
£11 f@as?»Qal»l@ aiZQ^asintft ?hd Slfio tJaias ast^  ecniliinsdl 
Mith mmmreS ^miues of the fiaaioii iwoklJSility 
P o /^E» to o b t a i n ^ tho nar t ta l ^ a t h fior flfssion, 
ana for nautrofi e^iociicn Thrjeo ara in turn 
eoEoparr^ a «rith thoor«liieaI eotiiaateaj 
WhWMtm <0.M.># etc* Oorrolatiofi botwa^ eaargim 
ana angX© of partieloo ®iittoa in thefnial f^tttroo 
?35 
fioslon of tl t^ i i i '^ya, A, hl96, ft flov«20,t972f 
209-t5. 
3') 
•The mmeny aiotribatlon anB yioias of thm laortielcKi 
cmlttod tn the «hQf!aal-iii3«t«tm fission of ^ maem 
mimmr&6 «lth tho m^m aeteetor system for «IQ eas^i 
%tion the fti^ra^ aitcflos feetwe-^ti iresjmntQ arwi 
mrt lelas ^ere 90**# 46®,^  27® and If J fh© aatQ tijeac© 
afialysoi hf nonta Carlo raathAfl *o t a ^ Into aeeoant 
HI© ©fleet of tlio fInlto siae of tfi© souws© ana tho 
to* ^if,i4CE) QwS It^ j^ fts <Ri\) i*oeeesili?^o of a csmf^ rofieQ 
on natron cross aoetixm m^ tecshnology "^Is 1 6 2 
teaetlvity roooairofJiefftg in cr i t ical as9«3Ri»lios of 
th<=> BofjEiler off«?d: in fioeilo i!^c*rials i ^ a l l y 
imasiiftJ a wisntity of ^if^et interost the itifforonea 
bst^osn the flosion m^ c^sorption ecnpojionts Si root ly 
in tho fhm and adjoint s^ieetra of interest." m laraetie© 
hfl««Kiwer tho fJotmlor offset «in bo G£M%xtrc>a by tho 
eff«w!t of thormei weoaitiion of tho taatoriai* 
wmmm-mmm i niiiiiii • » m a i i w M I I — • • m ^ i IIIMM- mw ..t^MiwMiMiiMWiW-
11, M t^fiflOToW S|*?etion of Qtonsi f « ^ miri&m of olcetrc^ 
fffniiosit^ u ewife© by dcseay or fictiicn m&tA^im* mrna* 
T?afo.W9#fe®aet,»f?t»kyot0 Unii^*iiaan)6f lt73,lO»17oJ 
•Hho ato?ns ojeetod in vacjuo fSwu th^ earfaeo of scwi© thinly 
oioctro dsnosit<^«^ « comwos, mdh as !r^ ,^ffl(irlc!hodC90%) 
ar^ natorsii f^# by •deeay or iiRsi«^ roeetion proooos^ 
3! 
« > — — I — M l — • mil mil 
an met* tti^» v» l . i mmmf 2? ftug*! S0!*/i9t3j<ioQ p* 
A boain of ©l^ietfons of 70 tiev idas usofl* ?ho mmtgimB 
of fnicp!i®!ito emlttaa flwa th® react-4<si hav© boers 
Bt'sotnretf iriltli sarfac© barrtcrr ^teetors to an 
aoetiraesr #f I rtsV noi-Mthstandiiig tliQ radiation l^dk-
Cltr%raiid* *Flil8 has bewi laad® tsossible by eazieftti 
CQfisidsratioii of the batfc'-cyrouR^ and tli© dtevslownmt 
of spcseial oonflfiumtioft ^otootors. 
fissiofi of 0W?35# %f^Ptv9BM 33/ ©-0I AugUfit"®©!*, I!yf2> 
30 <Suro?3iea»i oonfawxj© «» nuEslear f f i ^ o s ^straeta 
mily nlx^ -©!*«Prov?»iio©,frairK»5> 96 JUna l^ July 1^ ?2# 
TH« aneotra mie& obtaliiaS f^tii eiiottQjh resoSnticm to 
flistormif^ mmsondrmtm K ^ ratios ^tmxmmr ixiseibiii 
i ^ ^1 aaa l^ imtitifsoiaritiea to tii@ tibomnm^ trmnBitixmam 
By asMaring tho oleetrcai XSJ^ mmxm «i«:h that of th« 
eawrofiTJCBiai!^  gBr!r»-«?ay t«sfitatit» asal^ TKiigiit of tho «*wrg® 
of the fimgnient glviirr rlsa to tho raaiatioD t^s !90sslbl®r 
0 i 
Abstracts 0nly# M3e-eii««*i!©vaiiGQ# VrrnitsQ 26 <3iU!i@« 
1 a t l y 197? 1 
11^ oiewl^r® ©f «r«ia!$t Clsaicm fr&^miit Seota 
twti tral tiViKiitii has b^^ti iiiEia&ise«i<3 using so l id mmto 
hsftmm 30 f«iV mM 100 ^Itv.' 9 ^ ppo^om ©f r f lash 
has b ^ n V^IBVK!&& t 0 a minimoii} vy earefti l arrangFana i^tt 
of cotmtoro Qi^ r'l&a^ronitsBm A pinslifaiitary armlyi is 
®ff th0 ^at© l»?leates i^ hat tho mm;^ apocfera (!^ »@fii^ ' 
i»on tJie ineidaftt eledirciii im&sgfm 
ar^ 1:inotie ©naasst©© of ""xi f iasion fra^ifents, 
'^ i> '^^ «prf»iysa..Mg l 4 , S t I9^r i - l l t ! W 3 3 l a flllSSion ^ l i a h 
^anolat-ion i n 9?3ov j . f^Ksl . i%i^. (wsa) 
Resmlts ans laresehted fo r t h ^ oasttiy anfl cfess di@^llKi« 
ti<aie o f ara®!iei«:s i n fdie t f^^f iaaicm by tiioaoonei^Qfeie 
noatroriG within 0»6 - 3 I'm ^ t h tho ot i j * tm t 2S0 KriV 
It is result© elstaifiad cseiriflisi th© pstjaaiicQ of provicRisly 
foma Irraciylfflfitt©© in th© eneiery fieo^itoK!© ©f 
ylaia© aivS fdaet ie enc^-gi^g of arafaanta i n the i^ ttfeuts?* 
a i s o i s s ^ In th© irmfs mirk of mddtif^ mo^ ls t 
64 
t6» pmmMmG ( B | mrl<?@m!a for aJf » o* first eswitod 
stato of 2r throcK i^it a {^amre^nb s£ iatc^mai 
eoBRRsrolon olcfc^roRi from fission proauefee* 
r[lj9jT£2£fc^. 37 b , 4 r £»©€•, tS'Srir 3f??*4» 
Afi invectl^atlon of csonv^psion ©loetipofio £iwn 
£i^i<m Jfragmcnts ©•«;! fifssion |woa«ot8 of tb© ^t i 
{n»'f) »metio!i has rc»viiaiod a etrwig ^ traasiticm 
In «5C3r99 Issifcoti© a* S « 4»* Strong evidetieo that 
th is traneitfon d@poi:iiilat€^ tho first ©Keited ©tato 
off * Sr i s ia©90f^ r»sa« 
i i a m i i n III I III »i MiMM III > I m 
17J Afr^ JA (M) ate# ^^ lejpgjr distrih of fftagaants from 
fifioicsi of ^ indtiCKsi l»y nrKioorKJEtjetio noutzotia 
from 1,5 t o 18.2 tmr ( w t ^miovooiniant) 3,4 3^#i@72 
|4?«»90, 
ffi ordter to iiw5orw3 the n5Si©riit@ntal a ^ a «i tho 
^msnS&f^m of tho a^rag© K, of % ftewi^ naB* as a 
ftitdction of n@aferon s f ^ s ^ tho fragttsent c i^asgy 
dtstribdtion t#as raeaoytBd. fho Tmamae(mBiiit» 'mm 
mriom^ vi^im ramo-Qnaigotie nGtitron wtth l .S , 5.2 
an<5 IR.? m^ onorcrios? dAalnoa hy ffr^ ans of (i5,fi> 
l?®W!ti'W|# 
lej i»AS¥ROV (p) ete» suscsific ionization atstrlbiitloa 
aiang tradfc as a <?onction of in i t ia l en&xgf «»f ^ 
fieeion frapients. At!39rtaim. fftegfyiva V l©#3f 196S 
fh© distrlbiitioji of the sfsecifio i<misation easigy 
It^nos alomi tho traotts of fiooion if^aptisnts liiias 
IfiMBotlqatQ?^  ©3 a ^*sC4:ion of feh© in i t ia l efKJtsgy 
^inCf a toloecop© ccrt^rlsing 11 ioniBation diatitaers 
in «Kifnjaif«5tion \itth a fetio aimonsicaaal pal8©-t»i<ght 
analyser J 'Th© frsCPfeifi'to of tr*^ ficeion irtduena |jy 
tiKsciaal nstitrons wot© :tm>Qstigat0^ for the in i t ia l 
eneaagiftfs of th© frncrstents rangin^f ft!W8 79 to li5»S W^ 
for tho ISjc^t frj^pi^nta anfl fraa 34 t© ns r%v for ^i© 
fteavy ftragraontat Itio aotsnusSonea of tho epecifle i&ni^ 
tsatlon mmrffy loaaea oi? the ii^nitm fraflPieftt® ^pon 
thttir ipcloeity ims ^Istemlnefi alioi^tn^ »cK%3fl)at aiffexont 
bf^'^oajr ^ r tha light ar«l for tho hoaw fragwitsj 
•III II l i"i lO li»» J III. I »iiM • i l l l l l l l f l H I 
Piu?KRmi, M afcqj RJfifit:ic mmsgf di«tril»ttlan in thm 
«^e»nal liisa^r^n iiB&im o€ ^^% m^ ^^P^ , .^•.'momJ 
Seooil ranges of fissi€^ nrodiicto In tho t^emal ttat^xon 
fieaion of ^ a«8 ^ ? ^ ymsm dofeeminaa iistn^ ea<9to 
i5 i^®3ieal tecSmicrtiea as ^^11 m alreet cotintin? with a 
09(ti> dataetor* Tho roeoll rancpa R^HJ® oanv^rtea into 
itlmstie m&mi^9 v^m ^Iffowjnt raago«-«»»gy Gcntation 
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and tho relative merits of these ^cpmtioas wm 
MmsmsGi&m 'Phm It* a^f iel t 1^ 0 csaleislatea itom 
til© K diet rilwtIon, |!*«*!i K diet lb tJi« 
avsr«!erc» K ^ss ealcul^stod using the maes-yleid 
dbta avBtlablo In the llfecanttiir©, •m© «w®ra©Q 
ic» lies foiaid to vaxr llfr^arly with the fissiona-* 
b i l l ty lasfwaater. T^^^frnstlon «HF flstsioa fin^fnont® 
ana the varlstiofi of th© d^fomation as a atnetion 
©f €r«rt^it R^ fW «^spe <falettlate«3 \mixig th® !?«• iSata* 
^StPlss^i, (J,*^.) A « t^li«aa 0or thQ @tatl4itleal 
amilysie ©f th«f cross ©aetloii of fissibi© nuclei 
eonSfjiPencQ on traclear istnasturo study with naoki&imt 
ri^ Mdary* 31 Jol-S losj a972# ?<^»7. A ra^hod for 
statistlCQl aioXyolr of th^ lo» ^Kii?gy neiitiofi apos©-
aisstion?? o^ flnsibla micl©! has boon dQii©lo«vjd ^ i e h 
"field thr» moan total r«wc«atK» ^dth-^ ai»3 th<^  mmn 
nsammfnas) si%el»Kt tJ» 111© reaolts for tl ai^ B « 
oJsa * .OS a?id «r^ w ,16 • i^ T>iroKiR%tfsly SO^ «f th® 
rGS-'!«iatis«!s sn& not obocrvod,' 
3^ 
91,^ ¥M!A»71 CO) ovc« fo ta l f»ncagy @ar£aoo for ^ in «IQ 
,B0fi^ or©iie© on tttwl. T%yB« voX»l,* Gorraany ^ AUf^ t Sept 
72, *flip to t a l GSitwgy surface for ' " I I WTJQ calcaiatod in the 
frajre tisspli: of tHo avranotric tto-casntor m-M!lol, ^ e eneivgy 
tBilFfaoo .If. oj5r«rjsno6 ao a frrirrtlon *>£ th© dcfoirifetion of 
<*acti fr£«!n»9ni anS tlto cc35it^ 8£??sration .^o# Tho 
n^jlcKsr ra6iua Txara-^stor ania **.ha osc i l la tor oeK^s^ter were 
l!i^©n to bo 1,2 im w%& 4lA tmiVOctlv&ly» 
T?r^ ?3fy„ HT^ M^^ Tf ffii-Txr fTKiy 
i W l W I l J I II III I l< • • ! • • mil ( I III Mlllgll lIlllMWM^^ItlP^UPMW 
t 134 
23« I"X»0J:^(A) c*e. *recihniq[i30s of ©eisarsation of C«l^sraote 
Ifo8¥!*ea in flosion of ^H by mr t l c l ao of cisaitiii mmxffm 
mt**f»^^!i^ nnog±r<iP!> isan phm* 7#3/ R®;>tj 1971 f 221-3.' 
ifliQ ret 10 of 134CS isomers ps-^^^tr^ in tha ficolon oP 
^ b5f ncsrtlelcKj of ©nprglo© 4«5*.13^  flaV ^ho rae^siarodl 
th-^ ot>iQr fl'^sion t«rt5^»ietsf a i^s^ic^l netfKsifs by njoanit 
a« an elc^^rorasm^tie njaCB an<9 a mdio dt-nleal© laethodj 
f!!ie t i ^ msthcxis ara eor!r)crra« •R»ir Etjmilts are cMcxmst 
afn5 tfio isorjor r.-^lo i s ft^rtd not imry i?itli bof?tJ8J«21n^  
e.ieriiyW 
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?3* A!3N9VC^ I €(fco» tionif rmo® flaoiofi partioles* 
^ffliot. J«'mii^ e«r Piiy®. 9#4y 1969? 732*9# iRmtim 
mf thm dtseasp urdbabllity of %l^  fisstmi ^tli the 
ll5i^ bf 14 rfev iittitnm» to th© iaraiba|»ility of 
ths tiH^ fifisiofi of IT ^  by eXm^ aoiikr««is ax^ 
aoteciaii^. Holds of iwotofis ana trltons at tlie 
fiesloQ of th«i aboyo imusloi by 14 fld^ naistfOfis m 
%mll as at tbo tiBQijm of tr by aloi^ ii@afci?oiia and 
at aoMHiaaaatia fSssioiri of On *^ axo mmmmAm M ai l 
ea<^s itpaetra of partlelos aiiS triton «MBm mmmms^ 
Proton aisQotra WKPS mtaeirad at tlia iioalon of ir by 
Btmv tm^rmm mrt^ th® a^enti^ iaotia fisaiiEm of On* 
Caifioiaefieos beit««K»fi« ira<p»fit and a long eango 
Mm <smwfip^m{^ ote^ mmmtmpf of d^aywS 
i ls i len in ^ ^ . ^l@ag i^?^#k# 230,a Wdb t^§* 
fbo titipimn immm of 33dtr «»s tjKoatieBd by tho 
^ o half Hie of th@ fiss Ion lnoia^ was (iatimiiiea 
to bo f /S » l i s ^f ms m Iswiattle to !i?0R t^ 
fission if^^o >^  « (1.34 • ©•os> 9t lo^* «a8 
a9btaiiiod« the tsiaaairaaonta %«eK@ psriexfiied wi^ 
naxallal idatoa ad^alsirid^ t^eetors iiliicfi paro^ aid to 
ba a hi#i of fieleney loir htudh^ntmnA syatoi* 
38 
offocts In th@ aa«sii!r«sent of 
«9dtimtm ^ f»aq».;,feii»?Hftgl»Bi>e» It? Oct. Wt4 402 P 
ft i s &mimsfr&t^ Vhmt th& iimsim^ erom meitiom 
«z@ e@?i@itiv8 to |}til{»i li@i#tt Mas ei^ that levi^ 
^Bltms^&m eeSbe^s^^ fx«n Mas@dl raiaeiare!!Mif}t@ mgiy 
b@ In €9rftMf • 
96* wy^m (9T>€fte« ffeasiapanont of th® ^^ and U 
fis^oQ a?os8 section rs^im at tioitron sneigies 
rangrifig ?^cim i«4 • 7»4 f!©^ * Heitsrania^ fislka 
i<smt&!tmee on tasuticm Phya), Pt«TV Kiev tJSSH 
S@ ^ y • 1 *fmm 1973 3»12 P ^ sasureRiant of tlie 
flsnioR esToaa ^etiori xiatio of w an« tl iiof® 
€»rri©d sttt in th© t#4 to T»4 ^ v ra^on iKiing 
<lo!]|>ie iofiiisation dtmtbmej tlsutron S^KO produoaa 
fff tft@ «i^ Of a via ^ Qtm^- Qan^mtor* ?(i»»fiil^'' 
and D(d«n) fis s^aoticN) ifaro aifiplDyeil« 9lio total 
^neartainity i s i^aiit f ^ S .^ 
StJ fsiA^(»4) af^ tmrrvmim) fh© ei^r^ ajjacrtrim of 
litumBt nentrons itam th« fissioi of ^ \ by o»40 nm 
netttfOBsr giyylasi & mm2 5o,2f Pafe i^^ tSi ios-i4 
*Ph© ipora^ fiseion fiiutton mmsw m^e^^-nm of ^ % wao 
iSBaaiarea at an inei^tnt naistrcMi oame^f of .04 t^l^ with 
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turn meml99 of ^f§&r<mt thicikness. •rh** ^at« 
%fWB, eoripa<^®a for f l i « attent^ion in tho san^l® 
iftitrial mf^ ^ » ©ffecst dti© to th^ ^ 0n«c<gy cdiang© 
of the oot-foing flsoton neutfons by iDelaiitie 
mmttmtim ^ ^ Boef^ iidirv' fission pmemmeBm f^m 
armlylft^ tfK»9@ eStmsti ^mrraetiofi^ an a^ pgaraiie fiosioii 
nsiitpwi mrmi^Y of 2.0iS ^ ©•css HQI^ tdasi dlitsiiiea «@i»9' 
th*^ wait and th® t%3(MBlltafi ftme^fl for the e i^ fw 
«Si@trl3bi^ ior) of tho f;lsslof} aootioiis* ^ i s insult 
ha0 hmm tiommise^ i> t^h t!i@ pr@.s(mtly av;iilalxl9 siasulta 
ofo%!ii!r % r^f€» 
!!9« Ki^ lt]\ilim!7(@A) et<3« sneie i^i^ ie tia^Unee for fiafslear 
fisatafi with hoavylons ^ov«iy,gi«!l^ gttyg# lS,3il9'y2f 
ftie values of -•wisibar vmm a9aair®d fcir r«»etioii 
of t r ^ , S l * ^ , j ^ * r!»iel©i with noeoloftatea ixmm 
e* ^o*"^ ,?!©** atii A r . Osifif piAiii^ai aata wi tho 
1^  £Si<S tB8@8 iSiitrilKiltiof%8 of tli^ fiasiofi ptEOiSiic^ s 
the total ©f!«geti«. hialaiieo of the t^bmm re@tct.ion 
mse eslmiiated* Tho ololioratod method of mnmgf 
taalanoe ealotilation oan be usod in tih^ ealoiilatlaEi of 
tmibm!' of fission stmoti^t fear %hU0\ thawa no 
rne^J ^ ta» Ifio @i^ i?(|Qtic bs^afioa of the hypothstiis 
stiontafKsoiM noelai fiesion ia msmt^a^ for 0 @oJ 
Xt ia fwmd that apoiKtatiooits ofiissioii laaawfiii^ W 
256 m wmatmi ifeoaia «HM8ia@fably d i f f ^ froo th© \ 
4ij 
In urnaltsa at hiefh tmm&tmtwrm ai^ pEessmr©.' d^^^  
l^ ttelQ^ tiafeogials , SOtSf i9&9t 303-13 W 
HtQ «ffeet of •scfcnffniliy ©iii>lti3!5 liyi^ rtistattxs 
pressures f r«n Owiooei tuyr nt 9m C on th® Q&S 
f Jts9l£m li^istsea swelling In tssnaitsa fi«d boeii 
sti^i^* ^ e «ii@lllfig i» « sQifflfciu© to iMsesstiireg 
^fisam 110 bar. »>lifca1Llii^ a^ 1P o« the aa i^islos i^w 
that the wmrsm Sianistc^ ^ tfi@ l»ja!M@ is r@itieed 
froB 3300 t® t^m h and th© total mx^mr ^jmr^mo^ 
ffom 0,9 to ^Jt n IQ^ ^ im? m t^ i® annoallng pmm\3at& 
to liwifeasati from 0^ 1^110 \mt r^ar^etively, 
»i. awWEsm^ C^W 1^) «te notc^wiinailon «MP t!i® fcaetl«» 
tlif^rfioiaa at boRftiar^ lwMit of tlio imeloi *^f|, and 
^ ^ hf th® ioiw *®j«r «id ^<ar ^eajfig 2 l ,2 ; 1975, 
l^o^ietiafi erosa n«gef:ion wm^ stt^lea for tho 
f iealofi «a!pent8 on thin t io^ta of *" f% mn& 
^^%, ^Rsanding on th© mumew of tho boRftJaraii^  
40 Si 
ioiia AT ana Or m tho easo of tho ire.netion 
9'ga ^tQ 
tJ • to tSKi ^lett?? aefsema^ iw© yfssm also etodj^ 
R>r promotion fie^&n in th® rcaokion with trsaofor 
of saffiorai ntielo^ts. t^n^ the i^suita, tho eoHvm 
liaEXiaf of th^ ^torfieting ot^loi ^s dotozminea aa 
%i»ll as the eiw t^aon l^ing ©ffoetiv© Intoractlon range 
H^icsH wm f«^s^ to hm a o-snotai* l»44 • 0«04 for al l 
th® reseticais, Hio aata air® eoraparoa with romXt of 
41 
31 • TOSOBJttiD i^m^y «te» Fission conpottewto in ^ 
OBtitrcm riesoa«nee» 
Fission wiaths of tr naatztsn xtm'^fmmQ hmm been 
dkaffconaiiK^ di in t l ^ enoz^ T^n^ bii^ i#@Ofi S*4S ;eaid[ 41S 
<iv» K^ ioy eihoif mmll variations in ttila eango miOi 
fw^ an a '^ora^d of i « o j ^ sio^. ccii!iei|fianee9 
of these f^agiiits on ifiesion barrier parameters of 
0 are <9i8i3Q^ ee<3« 
M J Bmxrtfftm) tt} eto* *leai«rariient» of itste^al erosw-
eesion of lieavy ieotofses hf irrttdiatlon in fast 
Qeutrofi soaetra* Ooufwc&fK^ on i^ eniess^ craKsii^ r 
aata* C^fiteit>iiry# Qigi«id 20»?1! Seo«^  t^*9S9»3|»«' 
l^ pesents remiUe on ratios of the aSiaorotion 
to fission nste of 0 ^ ^ ; m ^ ^ , 9u^^ and i^^^awS 
also on the afbsomtion exoss section of m flie 
ffit^st&cy obtained on these ratios is of osrtSear of 
S% Xt is better than the acasitraoy obtained i s otipr 
inteoral sfxpc^ riments im& is «|iiite soffieisnt f»r 
oalcudletifiHn a^Justn^nts* 
* — P — » » » » « « i ' » • • >iiW 
S3. RAlAfioaY CD ete Vse of plastie ^aoal detectors 
for tf^ study of t!w fission ina^sad by hB«vf ioR««* 
CjB, Aemd Scso^ 569^13? It69r 593»6« 
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3i3» Aftor a brief aocount of tho tedhnlqtfcj and descrifAion 
of theapaaratus wsoQ^ the atietcnrs present smxBral ramlts 
eoneemlng the fission cross soetions of tAranlwi« tlioriitn/ 
biomith ana goia, iwihKr»a by ^ ^ at 170 Me(V, 91i« v&l<^ 
^^ inma are of ttio order of 1#3 bamsj two oa^i of triple 
fission have boon analsf^ sd* Tho aoor^ Mdiaato massos of tho 
fraomonts are givenj 
"Bigg 
%%'i npcmmti <K> and eowiiso (j»fi) riasion of '^^ by 2»V 
OifV iiroton t t PftyaJ ftev c^ S#if Jten»^  1972» 2l0wl9« 
Mffar^ntial mnero ooviers have boon obtained by radio* 
ehcRiioal mathods for 17 isotopes of ca« Sr# M and Bm 
i^ieli reeoil odt of thin V targats to radiated xdth 2«2 
m^ ixroton* r^utron-^ rich isotopes of 6a« P& and sr al l 
have sharply pealeed spdotra with taaan raoRionttiii 120 
eansistent with their nroduetion by binary fission* 
flautron diffieient isotopes of these elsRionts arr^  
c^raeterised by lower lisan moraenta and brtMider spc^ etra 
f i^Oh tneltide significant low<tiia»entam eorrrsonents* 
>^J Bftftfumv^  (v*K«) etc* studies of hi€(h as^ g^Rietrio binary 
fission« fission of ux^niwi with reactor nsiiUon. tiud* 
gi^^ fe «iQiid «rt;«hr-»ty«iJ synnosium abst only nmc*V^ 1972 * 1 
4.3 
l*«14<nlfiary remits of %»i?k aeslgnad to ^ f l a e pmeisely 
< ^ rndtweQ of ttK» Bttise dlotribaticm In t l ^ filagihiy 
asv»sfnetrl« binary fission of !i?=»avy ol«fi«its aire fpea^itoa 
firoia a f^lOi<li«aleal Investl^tlon of tli© reacftioii 
agatfofi indaoedl flesloii of natimil af«filitti« rfm 
eumalatiiit* fission yi©M of flv® iii^idft» via ^'Ui 
Ctt afw3 ^'^Sr* S b ana ^''m mm msmmt&A Kiaiatiiie 
to 99 m tmim dtrlf^ 3«Hfit f^dlo ctioiiiieai mmssemtimi 
3<^ , eMASio Cs*K*> ote neesiil peop^rti^s of fa iiKitepes 
i!»*o6fcieod in tho intcarae t^ion of hi#i ©navgy protons witli 
131 sfuS » i ftiya* t«v, €r, 10,61 Dec* WI4t 24f?*Ti|i» 
r^aion dts9 apillatlon te&t^ian w&m itn^^sooA la Bi 
ana ^'^^ by teoBt^araBitfit with proton m^ <W«8 0i3V and il»s 
OBV 3^a a rcssul^  ®f thlelt tawm t^ thidk cate^^r recoSl 
ciaaeuraBKMita osi the nsutron aafioimt iaatopaa*^^' 
e^ aofi^  the z^aetion prodyets^ i t i^a infered t%m binafy 
fiQ«i<^ ivedteilmatea in tha o.^S mv mme^ijm »!iila boHs 
fission a^ a apailation wt® al^^ifleantly ropevnumtiad 
HI tha ll»% 0 ^ f^eaetlon. h vsH^m of 5 ^ * to day® m0 
M M 
olitained for th® balf lif^ of * Ta<^  fwim mmmrmmikm an 
two ©ipplesi ov©F a ysB** ticariwS* 
3flU' KiTOOST (s5 ana i8Jt5ls (J) yiaaion of tt*M«m ana Ag 
indu^ soa by 2§<S3fV t4 mwifi StesBSSiS^* 28#16f april# IftSf 
^ o binaxy iimimt orodii^ aae i^ons tm&mat^ ^ t b RHea tr&^ 
u 
ast«etor «m tlire@foid largcHr than with pvotons of 
29 oevj ^xnary ««i»fe« are |« of blnasy* ^ t h w,Bi 
and Att thare la l i t t i e praferene® amission of trmmnt^ 
into the iommx^ }^nistkjlbxm» ^nmm is no indieation 
ef iatroatietiona itklch innwlved Isxgtt tnoR n^ttss 
14 1 
transfars to heavy mKslai from 7^ osiv ^« iona* 
HoAiiavar^  %ii«h m* taii^iatia there ia evi<3anee of aignifiewfH 
nicyjientiim transfer. 
:i9j 9mmS0 l r )ete rissloit of fl# th* Si« fb ana Au inaueaa 
by 2 « l - e ^ *^  iona* ltiva»Rev«C« 8, 4? oet» 1073? 1S00«3« 
Binary end t«mary fission {3roas«*0©etions itere ta^sare^ 
with plastie acK:©etans»' P^ ar ti and f% the foitiiar %mee 
ve80(»GtivolY to mtiA 3cm hi^lhor th«n fcnr inroton indttosa 
fission and the latter lartge by factor of 2 and 3, 
gaapect cross aeotlon are e^ oi#n ae functions of Bd and 
f/h for the targsst and cHmairieal eorrelationn are 
sRsgoested* 
%9m VMtm. M ate Viaaion sttidiea in laiea ttsing the bole 
dsteotoa (i^ioeeedinas of the @Vh intttmatimial 
GonftorencQ on i^ielaar itiotograltiy and solid «t«te TraeSc 
Oeteelors* % ! • XI midharsst, Ruraaiil«# 10«*1S iSUly^  %9ftf 
^ a ratio of the tamary fission to binary fiasion in 
the intoraetion of ti with 414 fwr Axwions was ftound to bo 
45 
(2*4 ^ %mm)lL Thin vaX^o was obtain^ ^mSng th@ 
hoi© aetector techfiicpiot a« eoggoated by st^ilto. 
Sara© angtslar di«trttJttfelofi of the §lmi&n er&^mr^o 
ware also meastirea, *r!jo laeth*^ tias tftoted with 
fiatural !l ten^iateiS iJlth thcunaal iwoferon* 
40« ^wTHwas CO and tiSRWfHTR <A.J^ .> Ratio of the t«maK7 
<T^A) to binary *l«sio« crrmtf^s&ekltm fmr ^ in th© 
raaouance rcgton (b^oif 40 ©v)« 
on fitiel©aF ttiyslca* ths^v^^st onl.y« jML:HH3iii*PiirovcaitSQ» 
Precis© maasuri^ ii^ nta tuar© perfbrmed of th© ra^io of 
tamary to bitiairy fisai<»i T ^ for * ^ in tho noufcron 
ensJEW region balow 40 ^ (by tomary fisnion io RKsant 
iiealon in t%» h<^ avy fragRtants and one l i ^ t charged 
nartixsle^ itsoalXy a Xoa^ HfaiiB© -particio or LRAC 
ftom the t#ell)«r©floXvsr!d tlracs of f i i ^ t vs nmttron -
©noz?^ ar^sotra r^ cK%ii^  In both oonditicHis* th© catios 
of tha «««a9 in th© tearnary artt the binary spsotra 
"^ ©r© ©aleuiatod for th«» etroi^eat iiml«t@d m^amne^Om 
ixr A'^BfsmB(A.w) and foi*'5^ TKOV (v^.> iPifo^ rwi© for 
stocosnteff noutron CWJBS section ©ximriniantal. data* 
46 
ItiysJ) m* 4, Kiow IIBiia, 28 «!iv^| J^ une WfSt 252*? !»• 
isrthogofiai fsed^ ynoralal iKifefioa* The af|»Iieatl€Hi of tlie 
cross saoticm is oonsl^ l^ rQa* 
©icptrlBiental jBlsalon <a3M»-««estion 1 ^ 2 ^ ^ 3?^ ^^  
and *%i hf mmTom of ooargios fScoffl tlumtahoi^  to 
20 ?^ «f, liiitg^artayft Mgltai (aniiirems®! USSR 29 mf «• 
2 »iyn© 19'73 ||*^27«32» 
tn ex&mr to ^^ormtdo orei8@<^ ecs%iqB wieortalfi to tlio 
ouprarlmeiiifeal a^ta m ^ ^ ; ^^»; fi^ «fi« ^ ^ 2fe fission 
ap»9ie»i from « %}iEBiiiiold tmfeo 20 n^ mgtm^ i ^ to 
i*Boa«kse values €»f tlio ezoea-oaetiwi m*A tholr meortaintio* 
f^h^mBtwrss in) eteJ *rho fission of tir tfuS ttiorliiii 
inaaeoa by too w^v/e ^ mmaa^I ^ g j ^ e^siw*' Jiee 
151747 n W 
fkt th® @9C|y3rlnM»ifc tlio iin^tm of 9 «»a fli iiidlisa^ b|r 
fCdf)ot!« of a noRK^ of *«Pao MBWIC mn Invw^igatea tssia? 
i^ ioy ei«b«iat» dateetca?s« Hio Isaaie <teradt€riatie of laia 
f i^ion of 0 ana HI ««> ^iveii^ and tha tta^aistribotlon 
of fission fteagmante ^^tm 6&tmmimA^ 
47 
44J OtRimWR (Jr) im-^  anfnlasr distribution of fineicm 
fji-n^ nefit 4th At^ fJS micl^ i^ir i*i?»lc8 eottforcneo. 
AbstiTBCte Af TRsisHP t8rossBit«»<l ajpSfMsy^  i^etjfolia^ 
•The taaln objectiva in o&aarvlrK? fissiai fTBgraonts 
angler dist^rib is to in s^rovo eudsting theory a» 
tho tflnal ©tags© of the fission tflaocess,' t# H i»^ K 
^ioh the parofit ni«rl(»^ had at tho 3d<%9lo point.' 
•Then from dbs^ nnsd f l i ? ^ aireetion« on© can 
atstesTftino th© fiMs^le i»ifit tr^sition 9tat«» of the 
fifisioniiig nvtiAmmm tn this 3tt*3y, the fraga^nts arORi 
0 235 i«er<© oibs^n^d at sias an^so i^et ive to tha 
iiiiel6efit fi»?^ itrwi b^mJ ^ o aeatron ewQuery irangpd ftjwa 
th'^ raal to 900 ir«v an4! *«!re pro&tice& by the proiten 
bcjRftjanftrmt of a lithlim bargot J ©old oiiion ?^ urfaeo-
tiarri^ er aeta«!tor trar© oaod to w a^sura the fragfnant <»ii?it«« 
BQe3«99 low onargy fieatron have SPRBII ai^ular nwaentisn* 
tittjy are viary tsp-of^ l in staging the r-cooetr'.fJi of haavy 
nuclei. rt*«i9vfflr bettor aeejarQelou thae esdrtisag 
totlay are naadet! to bring oat the €im atmettira* 
'Sh& fsmSf of ad^lar i^iisotropy pamita tha eimiiatii^ 
of %^ an iiiporiaiit mraiaster in tha physics of 
ficeionJ 
48 
«»89 claims l ^ t ^ f««i» th® fi«9iofi 0f tl 
* 5 * ^ ^ % ; t3ly^l32^^t33j^t3«, ^ ^ 112^ ^ ^ 
" ^ I re^mltificr feem ilie fission of ^ ijo&mmA 
hf lamtoRs of 30-e5 n^v eneargy haw© IJOSR oaasitmfi* 
46« lonKSt (R) istc Fis9i<»n of aligned * ^ mielei by 
tioafcrot^  fWKi 4 to t'^ o^o ^ w^%.*T^vmmf^ a 190,2 r 
lf?2f 401*l«l.^ 
•If^ gsstotiroray in the mmd^ ^B^tthm^ion of fleolon 
fragfasmfco f»Kn noijfeijo!! ifitSm!®<S f tea ion of aliened 
% has laooti ftt0a8tm5«9 as a &miBtl<m of nstiitfoci ems^ 
ftwa 4 to scx» €MJ E^^ O i^iflriation in t f^ anistsony 
epf^r th« i?9so«am»s jtn t i ^ &mmf region ixtm 4 to 
so €fV ainS i^go owar th© iimro^lv^a f^ lon itoa 60 to 
2000 €*v «as ioam^ to bo ra^hor ®aall <xfmm^im the 
ascner^aental aistributlon of aniati^ oDsr al l ies «itti 
th«ior«tliail aiat r ibott i^ eiyim^p that iNar tb» J •• 3 
mmatrntmoaj dimimta lAth R • 3 are not &!mm K 
belm tb0 pm|©etloa of tho ooapoond spte j oa tli© 
SofortQ^iofi fficis.* 
49 
4^» mmm ( J) m^ mEwmi^) theory of fitssion mnm 
alotrllsution d«non3tr»tea for ^ S^a^ '^ ^U^^^ f^ta.* 
ttiyg4>Wy»1e«ttJ 32, lOt U Harc^ * 1974* S48-SlJ 
Osin9 the as^ fRiii^ trie tMo-enntro dhaU model 3D 
mifilnilsatians of the neefking |i«r«9a^Qr and 
fnoRMnltttioi) dttioztnationo for paixs of i»ilit09 
of eloiHiat-ioft gmS tm^a as^emotry w»9 perfanaea 
for single, awblo «it! trlole hiPpe<3 mass 
aistrilMst ion« The seralijuaie: Itati^ Ki &gremmt with 
oSssorvatlen nisrvnorts tho fOddel of niiSD yijeUd 
etBtrSSmt ton as dfflfeca"inlfiQd hf oollaetivo ^KllsratjUms 
ooeyrlnqr *irlii§ d&msant of the ootadtaefe mxev^* 
4oJ G^O(C) oic •^ Qareih o^r ooaltSRfb flscion IndDoedi by 
:5«Kr ions m ^^rj msaWhrn^ ;f|* A 921," Ir U K»rc»i,^  
t?ff4t 3?*44r 
•Tho atsthora have seawffiodl ^ r CQUICR& fission itidtiaed by 
^ ^ Ion an a w trtperat at onergi^^ ranging ffom the 
intoraet.ion barrier do«m to 37 ft>v br^ loir (403 « 458 Wev) 
!io ovant attrlbutod to e»ilorft> Sisrion was detoetear 
i t was df^ Siwaff that tho erom seetion «br thi« veaofcion 
is lower than #* 3 tdb/sr near the interaction barrier* 
This ^Itie was eoRRjarod to theoretical predictions. 
ttm^v&r, eimion evertts originating frora transfer 
reactions ?:t th© inter^ztions barrier have been 
«?e«-eeto<l» 
5^ ^ 
of 7f^ imm»mti.<»ml esonfereno® « i iNAairls@fi 
tmPQe^B, ma^kol&fJ 30 jttjgr-9 B«isifc tWf 51f?*«46 
SO. ^ « f i r s t type o* fflisperlmeiit oo!ie«« irorBlssiiMi 
«»prim«»jta fho air^'etional aietr lbat lcm of 
fissAon irwm&f^G from al$m^ ti# t l anfl 
ixifom&fian i^smsk tt i« m^Rtire off b a i r i ^ r »tat®i 
o f ! i l<f i iy <9o«i8iis«ed !niel«l« 
!^.* Wor.R <i.*sl o tc . t4fi®ar moeaerifcttii t ransfer In 
reaefciisn bst;«B©?i t4<» WaV *»» ions ©IMI !MMK«y 
fKSc&oiJ 1!*|?8« ll«wJ <?• Id#^.^ OeeJt t^4«:!l4t6»24 p. 
•Wi© foi3.oi«ifi9 timimi reaat£«R wersa sti^iodl lay 
t»nft^rasiigr th« a««»iariat© taf^st® ^ « i a %40 nsf9 
h&m o f ^te !^)8# fteofs th® imi of Harfi«iid 
CfQt^tmt ^^m , f ) ^•^mc P> afid * ^ f» i 
{d,'f > Pimium eroes aeetioRS an<5 fragment 
firaQRiaiit afifislar correlat ion treare nuasttraS^' mn^ ftoai 
th«^e wt5asar«6ia9fits llii««ar mxmt^am t ran^far 
^ e t r l h i i t l o n dedae^r t t is fmin;5 that ai: t t ^ 
hemtr^im «n®ew <>^  t40 H ^ lean than ha l f th© t o t a l 
react toi eaxms scietion toiwlvaa oon^et© f iaaloi i of 
51 
fcojeetilo AfKS taxg^, and that a iergo 
propoxtloct of tha ineonifisr f^ion eumits involves 
iiriQar moraenttiai ts^nafers with 5o«^ 909$ o€ tha v^t^ 
asapeiat^ nith fosfmtiofi of eflmpqana RaeURts* 
9eis9ilii0 «9eerai90ii2tio!i to lowor boitiiaf^ s^iaiifc enei^eo 
ie terio^y aiscfii8i!od» 
51* ItCTiffl^ imf^ ) estimation of fimelm ovoflo- i^oetiett 
arid w&n^fe oi? fS-ssion fraciasnt by wffskvm of tracde 
zegifltration #^*xtoX,gci,'& fhscainoi* f«%ii9itn) 10#8y 
AttgJ 1973 511-127 
*rh0y <3owalow^ the ^tSthm todttnktm for the 
^Kimilisation of fisslofi firagrasnt tr8c3c», triK^ 
x^^lietxBtion has hmn inas^aaingly appliod to 
neatroTi aotectioa ond other usee. *l1w author 
preomta cfly^ arwstion tjR^ on tho raiigo of fissioii 
fraigRigitit peiBtration imiratiylaoetite e^amsrea by 
tastht^ of trscS: logiatration* aii^eotiniBte of the 
offcwtivo fipsion cxtmoms&ction of natural ti for 
naistr f^tc apom a fSa^ Qe soim», 
^hmnaiaisoiai of il figtsion fra^aent^ in eolid 
52 
i^riemm^ in 'tr,Al,l«© «i<3 Afj by imin? « baefk-^ tfiNbadk 
fisnion di^rib^rj I^ TJITI tho traftsnaiosliWt cuanms^  i t 
lo Tsaaslbl© to ^srlvts thorolatiwlotic at*^ mic 
stopnlnrj tjcssors of th© ^f^^^rent taX9^@ ai*5 the 
ratxifiQ o^ tho fflcsion ftraarffcjnto In tit© ^Icnients 
with thoorrtical C!aie»ilatlons of i:*lii<aiiird7 Rcitarff* 
«n& f^d^lott t!0!f^ firnirtg tJi^ - Xos?} of owCTtjy of h<^vy 
Ions in rtettef. 
53J *Bno5Cf?> etc*' l*tf?8lon frsiamontn ^istro!?;^ In tf 
(n,'?nf) it*lv»?tiv©»^tQ, 46,4f I. Oce* 1^3? 445* 
(Btdsa tJ '^jmical f^oeioty Hao^ inc? s i^tsMsrlfind^ 4-5 
Way tW3)* 
The aitoa of the «rta]^ nfflfl to *a*@r«aitt© thm ^sisgiaant 
anii^roijy In tho fflnnlon of ^ by nettfcfons in th« 
eiwrgy rango i3 to tQ tidv Aiiifitroiiy inseeased ftrcia 
,2f7 • o.OS at t3#7 TlaV to .61 • Jcf7 at 14»b MeV. 
fhe iren^mnt ^n^tilar fUdtritotions i«9re fnoafliixed 
by fxsBnn of ??lco3 det«»et«r9« 
' " 1 i if 'Ti i i ' ' ^ ' ' ' T I I r m • Ti I I - ( • I f H i l l * I iiwiiii 
547 tJQWi^m (ID) and r4^i{vs) Fl^alon fTagnent aJ^guiar 
nnsenfetf!} in diaxgo partictlo iaSmod fiaiiiOii7 l*^^es 
isom^ iratioa, ^y9>Rgv«cJ 47^» 13ac#IS'?f 
22f?l«3. The *'^ C8 ana *^oa iooner ratloe h a ^ hmn 
ffi6asuro'% 
Of flsBtoa fm^pwfit In r@wetion usith aee©lorat@i5 
Waoo SRQ cfUaapg® aistrltmfetoii 0f t ^ f i ss ion loroauatQ 
ffow iiwsX^i *fa an«f !f er5oac«3 to t l io lop^ &t Kr ana %Q 
Ri©as«rea» B i c fl^ sfe* t l iat ainixrsion cif tl^a© distriboy 
as "mil as pgcwllairlttes oS ^tcaotion of ^3m iPa^pentSt 
d i f ^ r only ^l<3l i t ly fsom tl^aae 0S€?59«3t@<!iie8URtit^  ^tm 
i$M®ion of a corfwais!^ nucl^ aKb or a c^fttsra low^ieod at 
int©ractlo!i of t«o o©n:?osrlto mjd®!* 
567 RtlBCSf2!T^ . (im) nfmi l i l * l t * i * -^ f (9r%t ion Old do£o£tRg|>iiity 
of i»icl#l fs^fsaof* isssr nsoid i^ «fle sssn S0r»Vi«»lft miaiian 
nAf t^^f m?-4 
SnciXifjh t rats lat ior t In i mil aofjd* ncl^lBSn Ifis^.'sarJ 
IfKS ©cittll|jbrit»»>-dcifa»(9iitlon of m t e l ^ i s osfciO^lishod 
hf f inding th® ma i^iaam of tH© hix^im ©«aiW wt«H reepeot 
t o til® ffuadrttoolo daftjaemsMon oerwetsr* Vfein®© o f tisio 
liai?a^!feter aro iriiism fo r tli© rmf*t prON3>i@ o m a M ^ ^ 
iMeioiHiPa®n9iifeis#* fi«!« the d iv is ion o f ^^^tl fey wt t t ronoj 
as a function o€ th© «»ns ns*Hfo®r? m a^^i t ion t o the 
t foo^ vum& o f #iforaioa mieiai of « ^ rare-oartti ©ioi i^ i t ! . 
ttw» mx&m i#ith A 90 to i i o axe a i ^ dotsEmod. 
54. 
S7, HAITJBRina!^  (J?) ana HUD30H(B> On the tedhnlca«^ 
§&r etocercdng €§fia$ian ©aR bfft»fel©e In Uranltrs. 
Ropl,lea« taknei from CntJiodic^llv V.^ <3««M cstcSicd 
ana fracf urea sttrfacoc hatm b^n ecmpso^ t«lt!s th© 
^jralts €ixm thin film alaortroft Riioros4SDr>y to 
etdi^"''^ onlcupgeo bubbles ISO A aia«fetor by a faotor 
of t?f only oieav;30e surfacoo ffqa fe5io froctutfe 
procl^ iKJQ rc^ milt^ a esn^wrablo with th« bijftible niise 
dlatrrnitt-lonn obtalriiod bry tpiwot othair tedjril<:j»K3» 
Tttth bcfl*)!^ *- 500 K, th® ttiin fllns t«e5iniqu^!i i s rm 
|<»K3[or r«liabl«,^ The iwsfnato glvo an osrooKtBiDntal 
'^ mliio *or tho mttSam emr<0^ of -tJifanl«tt of 1000 
5d» C9l!it^ytMj{W4) ate, ?loaion density, Isumfng, etifl 
te^pgraturo offecfeg on finis ion ^ a rGle«ao fiewn ttog* 
fitiolear ^ci; laxftiQ.; 39*2? |9S«)> 143-SS, 
Tfeti cyllndrlcrl Gpoel'nons of Vo^  were tiroeiatcHa 
In OaTe Rl^ ig© noseiirdh Reactor ©fc t0nir'ratur6 apto 
ITOC '^c, Both spoelnsnpuota of neatrnl enrlcS«»©nt tl 
•i«ife one 3ra5l!n®i tas a eingrlo crystal ««<S t ^ other ha^ 
a f ioQ-gralrs mlcjrostii'twtaroj Tho flsolon gas foloise 
fron thocQ smsclii^ Eiis vers ^£eete(<i by th« flasi on daft^ 
slty," tanr^ratmt) bt '^mto^ gvaia gsowth,' and th© 
D e? 
er&dkinti of tlie ©i^ weiiaeii* Oci*»oritratlofi ©f 
fissiGD fiis parodiie!@{| high iooal stpesf^ee ^ie^i 
ttodfcribufcod to the csracStiijg of the ^loeltnBn^ 
® ,^* Kia» '^% C«y) ef-er Ji-wiRiPfstwa f'sr atoiytner ^©oous ftsaion 
AT5»aratii8 for th« «t;iidr o€ naiened klaatries fi^Jton 
croewefc teffi iirraa!at«»d nrnnitim <Siemi^ Is d©seribea 
7n t»t0 ^Bixin of «t3waratiis# th« ossiefe fewapsratufQ 
fsesaarcmon** II«KS irRigiilatlott sn^ iioaslhility of Kr 
«!%?! 5r*» rmnmtsiticm Ivivp* hfian ©"in^ hnolsE^ d, alfiri^ with 
th£» TSHarlty of th© •nroi'f^ ctlfw? atRwcmliesPQ axoimii th® 
eaffsmlej 'ftto Qcliblration of the oonttiaetit and the 
<pi;»orietit«:^  oHialao^l to me^ «^ <»refaQnts of thQ roleesa 
60^ RAT*ftR«^T C J) €*e, Wusioa cross ©oefciofi of w# fh# 
bis!nath# l©6<3 ®a<s ^ l a fct<!5*Kod by 38 to lOO tmv 
•The ejcoerit^antel tcc3tnt<!ua 'ttslng a isalkttsfoil ^otoestor 
in itoscsrllsssj t^^asm'^ j' cross s^rtlofis m% oomp@r©<3 
to otHer ciKp!jrirae«tai data an<! to thaoriai w^MetimmJ 
fhsir ^ € « ^ avatiatilon as a iromaption of the t ^ « i 
rs.'Kjtion ereas S9cti<i!i caleulatod Qpori opfeic^ HioiQl 
I s disoildno^r 
5fi 
yissi (ti«»is<M!^ s 
fii.' T5CKiHAS»is (r) ana *P;tfm'CRm(i:> Sosrcli for 
fisaionlng loarr^ ara «^ ' ^ 0 and ^^Jp by using 
BQ&rdh for ££ on toning icrawro of tl anfi 
%^ a raado lay tt-ln^ tho u{n,^ii) ^na ""V ar»!i 
2?o^ 3fcions ijith 14 Ta nc^ tjuiso neu*;ron in the 
X^TIOR O? the hel£«-lived ©«sr 60 8» W» uoper 
Itmlfc o€ <|p'lsve<^ ^ proap*^  vsalttsD «©«© i3feifcain»3 
t^ bo tbmt t X 10*^ Iter >iofch ^^ti and * ^ ^ fissioning 
inoaoro with the Ksgion aS half i l w s stuaied* 
62 j ?a.i2Lt/5(u) oteJ S5|jfigl0 rotS fine iSistrllMitioit of the 
fntit fil«oion ratio* tt^ielear j5e3. ^^ Tfatyif 36ii3r!l©6©l 
441-4.' 
A fl»aour«5mnnt of tho intewfal ^«iiao of tha fast 
fission ratio to isttaaontad for a natuf^l tiraniiia 
motal eincfie rod having a radiums of 6 BPI $tth0^iSoe in 
9ra!#ilfeo# T^oitover th*? thymol a«i<3 %ot fiaaion 
4iairibiitlon inside the itiS l^ia'ee b^ >9f) dbtainad feora 
tih® r-ray activity fram tho ttsaniuni fbiia*' Th» 
Spatial distribution of * %»a «9aluat«a iwm t h ^ ^ 
<^ ata al.80* 
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M3^ iir05i«^ nfe of ff'-'Slon eetsss stsctitm i(m ^ ^ Isy 14*^ 
t%i^  ft«tt*-r©n ^ 6 cstrr.t'56 out lif tije raefeftawS of a^oelated 
part teles J mtferon %mrO' (Mmin^ at Sow wlfeagf© nwifefoii 
iiPBicm i&rgt^ntmd assoclatea •acsrtlcl^ ISKSE^  ijegistere^ 
particles t*3rs0 y«!Cfl8fc#irea by a plastic sel fs t i l la t l^ 
*f1»<^  fiuoion *3wcim met ion woro obtglmia i«aa oqfiial to 
54, aww®l!WSI (F) afco, Fre^tssnt @n©^gpy €te|i9tK38 blasos 
Jl!Milsnti«fi fhm^sms xmi^mv&mm%& o^ fioEton cseoss aoetloJi. 
'fhls a r t i d o nhows tna»: Bar tiKs-s© w«3tffliiCQS that tm'9^ 
beott lw«ar « i ^ a-^ erisg© fra^ iiiDn* c ^neie i^©©, icmissation 
eftsstxsr iii9as«i30fsiQnts liartroane© a oertain Mi^ «iiidi 
rfto<lifi@s tliQ cttsss 9@ctJbn of f!im fission. 
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m» vmfsm, s . i , rfcsaaiMW!9@fit ©f mm n ^ ^ ««« ^ ® 
isilott cswifofewt on i^ticm ^is«lc9># !%• tv Kl«s? 
fl(^ @ti£@m0nta of the fiosion arose eocstion ratio o£ 
the 0 ^ ^ and i ^ ^ naw mrvt^e oi^ In «i© 1.4 td 
7»^ mi^ wgt<m tm^ Sa(fM,o ionization Oh«g!tNsr¥ 
nms^ton mm woSssm hf tlio nom of o %^n ^  csiniaf 
9@isori^ «»r TfpAl Jfe &^ B C«#fiJ ffe yaaetion %«WB 
mfefdioif&A* ^^ total uneoftainity is albonte t^ l *^ 
ffti finostfJCN m Fission of oirileiitod t3r^ ^ niieloi* m* 
m&m^ & f ^ # Fi«» Ws'iaa^ so^tr s oeto lf74#S03*7 P» 
Hie f@cRilta aiw voiaQipto<3 c>f i^ astiziss^nts of tSio 
an^lar aniatropi^ of trt^mfke firam tlie f i s s i ^ of 
erlimtodi ir^^ ntaerloi hf mmtmm of tl^fmal oi^ »gl®s 
10? So«@o«lO0«%So KGf^ # jiiiiot£«[fi;if iOr non onont€i€ 
!ii:^oi t9iae«3 idso {»?afli»r%i for mtitron «»s@pgias SO,dO« 
ISO K€^ « tha baarin? of tlie xaattlta on oisistliig 
ntielaar laoiiela ia l^aenasad* 
67.^  pmmi&im^ Haa^imatnta of «i® t r f i^ ion croso 
aaotlon la 1 ^ fc#r ai^?^ i^ n^o* f%oce@di!^ is of a 
oonfaraneo on naiikron ceoss secstlon and taamology 
Dola« I 1^  3 Waahlngton* 4«t M^ UKSI 19i8* 
fh© &mwgf dapan^ o^ios of th© fl8@ioti ctoss sfietien of 
tr** «as w i^mirod in tito ranga 30*lSoo KefV, TJiia 
dai9ana<»}ea ia feiporta!* dos to thQ incsijoaaing «ptiagi© 
on fast reactors and a»a to t!i® aigniflsmnee of m» 
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tapoB9 aoc/tton as a stand an^ Ifl crosw soofclon 
yjmseHm^U a 1tec!hnoI«10^ 9 r Safpt l^973; S77«60» 
Htliyl€iia has tr»oyi studied as a efiomieal doslioBtar 
ior r««an9a and rmmcAxa radiation J Littlie ti«H»T # 
•ffaet i s eotpQOted fircim this doslnetcart einea ^10 
liydwiqen yfaid, 0(m)« from otSiylafio i s Che aams 
for fiisnao and fast naittrons psosant in raaetor 
7aMatiai^# possassin^ bfciii^  ancMfi^ lP apsotra* 
SthylAne i^ s^ irradiate'^ in a eapmtXa in tltm pgpasonea 
of nudiaar 1^1 in a !iiiielaar xaaetor bjr means of an 
irH?Ue*i£radiiition al5psrattts#* •Pha etalealatod leinatie 
onsf^y of fifinlon e^aiQiigsnta tnJ^ooiUb&S in citliTifiia '^s 
ocoralated to tha «ti9tmt of hyflgogen iaiRtation undor 
gjggpzdniQntai oonditions i^ iicfts cftarrictiflPisldl t^ Mi 
aseape of fission tra^ pxisnta fstm fnal and Chair 
raantv^ into eaoaulai 
69* 8Att3saRB«j,b )^ Pmrzim) and WOORB (M») Auto 
o«st«la<-lon te<*ini<iaa for det i^rmiaing tho avoravo 
ImmH apacdnei of ^ a intazmodiato 6iA» thro^hold 
gtxuGltifa in tha iiesion aeoas aaetion of ni and 
^^^ ^V»*t4itt<«r8,' imjff i970f 4tM4* 
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^^% and *^i%i itasion aR»i@ saetion is ^pwatioae^ 
US to i ts iTSiliiity to oitlmatis th& ammam i o ^ i 
aiHTdi^ ssseTit in the s t n i t i i t ^ i^aii* aiapaazitig in 
^m fission barrier for h i ^ i y aafiEixsnod nuelo 
7oJ KKHLCS t ) ffid Sf^ H^ fSBK CHI Optleel ««t«ction of 
ios9il fifision ^adkm to ^^st&m^ntifm iioa {iiiii«etls* 
c#n« ifaibd* Soanoed Aiesid, soi B,* ^9# iS# oet IW4 
f ^ a i i fisoioR trudkSff inSnodd hf t!^ spemtanooua 
fission of *^ eontsin^ in mimemm m$mttAm htm 
h^m 4Sefceeto<<>r I t is e^haum l^at l^is staajr ia itsofiii 
i»r th© ostimstion of tiio i»n5i]0it of ^raniwa ^€1 
mS^mt^mnkttJ titair a^* 
? l i tvis (^Rfl) aaliflii^tatci tradk aotocstorsi h ne^i tooi 
for the 0tu«y of fis*? ion ifusnosienftj 
m vBx^megra€im^ ms^rlmit^ for ^@ aetf^rminatiofi of 
l^e «3i^ otintonlj of watsariil unsiitm usingr a asiiift* 
stoto tarsadc detoator ia a@de»lboa« 
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??• !|Q (^1^ ) «te» Peometiem of a timi&nim Wml^m 
^^rm@mm»nml*SQe> Vft swpt/ Wf%t s-«i 
Ttm f a d l a t i ^ propsxtiss of a fiBsJUmtn? veanivpi 
lAaioa mm mmSeS fov aTi>»iio3tim»to ancles IMPIPSA 
las<»r0 afi(9 9aa ooro irteaetors* a'^ng otiiar* 'fb iar«K%»!Q 
a fiadicHiitid uxnaitta i^aiiaa at ! i i ^ t^ QQsefiftiara 90S 
(lO^^ii/^e) firoa tho !>•!> ipaaokion i® «s©dl In a lAaa^^ 
iltoeiia appasiaiiiui* 
f s i wms (Air) tfid Sft*?*f <t,v) aqfisailsfliEa mpma^^m of 
^laifod niiitiEOiia irvm iaat flaalois of ^ ^ J f.fam»m* 
^Imihmmt 19 Oatv 1974. 3d&«7 l»« 
J^'1^ iHiil3!iifi apac^ spoffialiai? Iiaa liaaa itBodt to m^aattio Uto 
aerttUlbricRi 00819? as^aetima of dblai^i (MMUxon l^»a 
aiftN«fi^ flaaloft of ^^%* fim aeiayoi nwteron specijiwi 
fs aaofi to l i i ^ a eotiiploic Itoa stiuotiafo aa isliaanMi 
by filial«v(iaff1) giflbsr sioaa atid t^ ood stiifU9?3)* 
Ifeoferon otia««g!r paiSsa «t t l#ta» ana f 3ff imf owproaponfl 
to peaks i»»3i^oiplir ab^arvodj ffio ov^dtl ih«g)Q of 
tlw soaetrqpa liofeie^ri^  oarraaooiiSa waiti Olo@«ily to tlurts 
meaatisoa bf Batdhelor and Hyder (19Sd} theis that of 
Sloan am^ UDodsiiff7 
6? 
^4i m*wmW On €teiiai«ni»x^io i«©as«r«ia®nt0 for tr^ 
and t r ^ fiftslofi by flsalcm-fsro^iets tSemm ccmntlngt? 
lay s^rnfna oonnfclng titet fiitsioD prtodhicto i#it3i it 
seintillation ootsnter acta dorapamd e^psrlinontaUi, 
with tlwiso !!teasur©a tiy fletocting the f itrsion 
directly, i:tia ratios of tho oa^ititi ratios ^tmmim^ 
by tho^o t^ yo msth»2s ia l«bf55 * O.tw^ for V 235 a»d 
iroo? • o^tam fbr t? 233** ©wis me dlfferoocefl in 
thezmsi and 9pitbe»nail. f^ittKifi Hesion yieids d^3 
not iny)illdat# this tcdiniqit® of mmmirim eadmiiei, 
witiofl* 
7S. WfTtn) oto. Cftlorlsiotrieal. fuaaaurea of «io poMwr 
emitted by tli8 fieoioti prodt;^® of ^ Ibr IsoJUliiig 
t r i i^a ran^itig betwaan ?o ana T»io^ flsesJ 
l^,ii,i^;aoiy^,„^fl^J 181, mt. m%f §MJ 
h oalorlflietrie trnmrnxmrnii^ *»f *5»® «»»sy x«]«aA@d hf 
the fission isapadiwts of the ^HBEfaal fiisoion «rf ^ ^ 
for t^eG»y trifles b i^iiisot) 70 and fm%(fi Bm «ft«r ons 
fission is t««s«it«d« Aiiowiagr to ^tm e ^ i d lyt^ dLation 
of th® snergy jMloai^ oofiii^red to «is rsspc^o tiioo 
of tho e6larif!»t@r,^ two asthod time been doriwd 
ior mlvinq the wobions* Bxn^diaontal eaoasur^ aiants 
httvo boon wmmm^ to ^oorotieai ealoulation basad on 
« roewit eoRipiiation of Hneion isroduet d«to7 
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fission wtaOm^mJ jar^nel.^ aiiaEryJ 2T,i>f s«iife. l9T3f 
^Qif i^asuits are pmm^^ ti&amtmim xmsiii^X 
vomr foiloviiig tii^^l fission iot cooling ttm^ 
goim t«x» fo to TadLCns, k brief doseripfciati of th® 
^eoerimentai teeihiili^ ies and of %h« motlioiSs iisotS to 
olstaiiiea ^lo x^idtiai vofomt is giinen and oouxioss of 
orrors as imii as a eiMw^m ^xm to mm fission 9m 9i<PQ»* 
T?# wvntrr (n} oto rission pfoioot gas crease in iM^iit 
rerflofi of ^ wonoesftel^ jt«fa«sl»^.gi»^ fjse^neil.* 
to#i8f ms* iW3f 5i?»is« 
flio 96o ^ 9 milemm h^m^imm in ttio Ixiirflt zn^ion of fie 
i n r a ^ a t ^ to ^mrious th^ i^ taaX t^titron fitie^Ksee* tR 
thei^ -oseot th® fat© of fisslim pfo^hiet ^ s <*^^> 
rolaaso in the tsorsfc region vas datermiaaa isidor tho 
oandition of oom i^naoiis liaatiat^' liiieti p^emitto^ 
air^ot obftervation of ^im mte of tiio in i t i a l Imrst 
?8» flOLti (^\ «fco# inaiysia of •^^^l-fiiision pBoatusta Ijy 
t ^ focx»ii sapgration *ymmimfm*2 mmi^MmxmJ 
sna mnis&n last's; vth^m^J stsUi 7 t ; 
64 
h w»m sofa^ratar fdr ttndiouod fioslem parositefts i© 
i f ^ a U e ^ at tlie tii#i flux Kisacit<Hr at Qranoliiii* ^ali 
i!!'ioiK!it'v<o3 niat^  speetfa ii£@ citteJlood Ifi tfie i l ^ t and 
fW&vy ex^il.Or| imKl lKx ^flVlipBir 
^ - 6 0 f4^*peot«i €i6ai<^ e>f ^^0 ^^fb a i^ ^^0 
^ve>l^v»C,' S#lr 'Mn* 1972 # 2a2-»34» 
?Na iaotoolo di«itriib Qi W» mn^ m €wtm tfia fisaicm 
of ^ ^ 0 ; ^ ^ ana ^ % ii^iiead lagr ^Q^ t^^ pBotofi 
l i a ^ baiHi sna^ie^d W ^^ )»aaa of an 0!>*lliw fsan^ 
8p!3C!troi&Bt^ « ^ 1 tlia isotiMle a?^ e»w aoetiana «i^ it^  
a algnif Asaat oaa-«vaa mrosstax^, with t !^ Ibirtmtloa 
of omm amitron iaoteri^ being favaar@ «^ "it^ effect t» 
moam paronoijitoei for tho iiaiitsoa r i c j iotoiaasJ ^tie 
od^ iwoiTiart af £^ <st in th?> ^ an<3 <S» ^ i@tr£b can h@ 
i^ootuiteS fiar by a 10 to IS^ noutzon p i i f l f ^ afiset 
in tfia mm0t i^ ialdw and a 2 to ^ palriag effoist lit 
1 ^ neatro!! anleeicm* wxom tho msati maiBs mrs^rs to 
t l ^ 1^ ani €3 ^a t rH i t)ia a^rag^ totrai ml' of asnittadl 
asiitfon f^m ^ smn mHsmt&S f«r aacti vmiati&n* 
mi.' HOflB IfJP) l^ bae ammsmit ^^np,^^ and ^^ts i^ fiiseloii 
^ t a s In a ttiorlifii me^mMif &avSm tha int^mal d to 
fm mm \mim ottlsed '^ Sa (d^iil aoturos l.Sapertiaafit* 
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h matimei of ie^m§miS, vioHma ma^vm mfmrimatikm $& 
9mr§&wmS igi n J* n •4 m #4 n^ tim^lXiff thariim 
ass««Niir In «a«ti « niB^  s9 to i^ioif mar&eitmemJtimm 
of 8p»e0 in^pomlem- ii^oi^iofi rs^sim ^iXh ei^cinl«t3d 
iP@aefcio(i imit^s ilffiriviw!t fzti9 a Q»^ ^ t l i %m&& iStm 
t^^im^tekie iw^stc^ t!%K»r^  mtme«mi<mtim» to aosuarlljo 
I^ i%i9@* ftM t9dimim» o i t i i ^ oil tiio !;^ a«»i@r 
^neom^ien of la&aaiire^ 8!»ei»»tli!io d«p(mi«ifc K'oacttois 
iraios and tlio «sgi-eiQtii<m iwom tli^se of ^lo re«et;ioB 
i%to coiTe^>o*i«i«g to tn© fiiiiiQ:sk!»fttaA t}iKO0**dlii«n-
slofuil ^ v i o r «aatla.t caoSa* Tim roactloit imtst 
m^aaipad tuMTfi «i© fifliiior} !«%«( of " ^ ^ ^ ^ ' ^ l ^ Qfii 
23?!^ i»lloiriagF o ^ ^ r t I > Inirst of noatcoi^ 
^iith a fatmi on^ psry of 2»V «9f«^ J 
8t«* l^ !^ iim>«C i^«!f*} «to* OiloulatiOTi of txil^itlal ^i^ify 
mssimm Sm: fission a i^ hctav^ lone stcmetion* 
l^ oofieidifigra of th@ intoTinatlonal oonia^siiQa on fSuxAm 
Pliya# ^ J l . l * Qsarmm* ^ hvggm* sa^ jfe Wf%0'9#WH 
tn a m i f i ^ ^ tifeot»5iit of mm3»mt fi@aiofi# l^jvf loo 
imaetiofis and ^rmmt^sta^ mss^a a ^ asfocmations 
fSKitMirai f!^ f^  iaati&os asB ^ntexSi^m&Q in Hia oidLetiiatlon 
of tha n i^einar poisantiai enei:^ of ^fbri^sation* *eh»tm 
tfaatisas iitvotw iK^h ttia fst^Btf&fe&piM VBA mtoxt^ ^coikio 
oootrfbution to tha aa^ew* as ^^ ^^ i its tita itiaeila«r 
6fi 
•Hwim ' i i«» i««»L»i i Ill « III lliiKi — • — » 
Si 
*i - ,Sg<CT^|'!wB«i»y3sgt o^ 
tmx^i&m en ^ e s%itia of iadoc^ aa fiesion to 
srontanoouo fission iii ngtorai wt^nbmj .dr^ 'fwofti," & 
m^^&im^ 34,2f Fcl>, lt?$f 41S-9.' 
Tim oifeot of betrylltirfi are rsppescntatitm low S 
et^ racmt on the dhmm of tlvi r»t|o of iiidiieei 
fission to 0«xi!ititfiooiiii fiesion in natiwsil m^iixa 
in sljsmifioanii. ftir ii^taagt oofitaifiiag o»(^ nod 
o«iD3.9« Bo witii rommdk to tiio Indeed to svsgHtrnioovm 
fisoion ratio t^« meaiaMfea an x;*59 and S«^ 3 • fhe 
indBieas© in the i^ (jft:£oii flux is attributed to Cd,n) 
ii^action on beary^ i^ *^^ * 
4'>,"4» Ek^ * 1# 1973? 4410.' 
1^ « g»po?*taf«»oa0 fission of * ^ •^s in«i»8ti9«tad 
Ijy raeana of & xtttationt e*ias«>@r» A new v^tm for 
t*isi lo»«r 1 trait of the Imlf l i fe resorted i© ^bmit 
ten tiJ^o lilcilior than nre/^mMlj ntKbtiolied <9altiesr 
Wmi 
aMHMMMHMIMmaMMIMMIWaNaMMMMI^^ 
"* .... 
fl4« iWA?MJi.r!Vic CR) «te riasa diatrib of fragfaanta tram 
tJiQ tmmsr fission of ^ ^ ixtBnmd by thegmel nautmrvij 
1^  ifl«i9ti^t ion of tista ternary fission yldld and the 
J 
6? 
mmQ aietrll* of t&emr^ fle«sion fra^piant ^mm eanriiNl 
owt with a soli<2 Stat© tradk detector ©aislti'Wi to 
partielos of A t6» f^e yteiarf t^m^r? flealcm tdth 
naapact to bimary f ieaioii ima foaad to bo i4* 0*2 btSO 
?ho mmn v&luo of tl% ma@eos of t&tnmef §isw$xm 
frs^asnts iro n^ • 36# tig « 72 at^ H^ •• 15Sj 
TC*??l^*?T-FtS^ JOT 
I Ml mi I Id' in- '"- i 
115. ^STamHijTrvxc CaJ ote r&rn&er Slrfiion indtieedl by 
peototis of 12.'? cfe)V oit V, Th# rt>, JMI, ^ # sn of»3 «ff 
minloi. 
i%oe00diiK^ ^^ ^® *^^ Intofffiatiofwil CKSnfiMSifitw on 
tmoloar iJliotcgra'^ tiy oKi colld atato tranSt. ^^oetors , 
Vol.H BticSiaz6st# Earaania, 10-iS-aily t^fTZi^oOisTestJ 
Vixmmi&t lastJjvtenile.PliyB.i^T?} S9«^2*' 
T^rrtary flesion lii3uce{3 by 12.2 OaV orotons Is atialy^id 
ia solid Stat© trac^ dc'toctoro ®o a 0MiBtjU»i of tbo 
atoQiie mass of th© tar^pt !»ieioi. Saeio c^iarae^X'ietios 
of torrtary fission eeti <fifleasso'3* T?lwf cros^-seeticm 
for ternary fl^ sf-ion oo fORiR olo^nsifts that «i»?e srtalyeoS 
4 
m» !J©Bmivui< )^ "rhofmal B«3Wkroii"li^ tie?a tovnary flBflion of 
2'3SQJ j5fife,Wi^ iy>l#Wgiafc fi rmtop* 22,* t r libv* ifTtf 
647-52• 
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fii or^sf to etefeaimsa fawthmt @via©nc» f i» AT 
aigiaifist tti0 codstanes of t^enaiY fisalofi* in ^ M i 
a heavy micdllata tisBi&n frapaofits liito %lif^ a» l a x ^ 
dhacps nastleies^ In plaoe of usual t%io« r<^iow 
dh#9ieai yi@l^ ^ifsrm mfoa^fm the pe>s9l3»ly of slow 
nomti^ on fission of "il iii tl!UF@@ £E^ Bp(9tM%€ tisi^ bfiioft 
G^idioa by any iiWQOfeigatoirs ^ t h s vi»r|ii%y of 
tofihr!l«3^*?J Ttio trilpartlon into tlare© eofsraawiSble 
mass fsra^ ssBBt ^umld how^ier not be eofiivm@& Mitb 
the raore fs'j'Kfa'idtlv aeerorlngr flwaiwi nroeosa in %liicSi 
a l i ^ t cSiartfod r^rtleXd i s si^msXtannonsiy ©mltted,* 
It may be cmvdivsS^ fwem tW^ rovtQ%j f^iat i^itiosuil. 
ovi^smoB i s i?c»«uin3<? to os tab l i^ with oertsinty of tite 
triimentimi em's that tho frecruamsy of atidi awwits iwiat 
bo v&ef lowf the yiol(9 In wcdhsslbly X<mm th«n 
TSotitiflc.tloa of a roaltoiasli^a '^idh oannot ba 
tirwSiKsed by raacftion other than flaeiofi tftoiild iiro^da 
«vi<9«nee for the wrooaso of cours®, the fonnation of 
gmdi a mtodhict by binary fisslwi chcml^ bo tulad ottt» 
g?.' R^aNR C^) afi^  TOl®3Ji3!^|li3SR C©J Cross saetdon for tho 
tsrodiiction of ^mj^^<^ aad *^ CS3 frora thoilwi anfl 
MA 
Absoluta cross OGCtionci jRsr th® foitaati^i of W> 
® ^ , *^ ^Cs ana *^cn in t»ranium a3<3 mwtimn irriuir* 
6«> 
ifHray Gtsunttf^ of cS^ i^s^ S^BlJ-y s^ sfMBfatod a«pipl€w# 
mm <xom «^etiafi <sl>i«lft9d are a@ folloMs f<»r 
^^Cs, iJso • ojoft m^f ^^^e&J 1,13 # ntef for 
tiraiB ®^mi; 6«fi9* 0,33 Hfo ^m^f^w^o^umf 
^^<^, to * o.t© mt *^ee; 2«64 4j 0.15 m* 
i9e8fniP0!!»nts of 3M, IKb ana ^ 
ncRiteon tentery tleslon of ^ ^ # 
ran?© %-?#' tytya l^^ fv^ 6 S#tf v^h, l&?Sf 5S1«*60* 
^te fsiass 9r>@etroRi@tri.Q tocfini^e timm hmn ^mmS to 
c*»ftelii0a rolattv© andi aiisoltit® yl/*l<S for %*Tls atuS 
4Wa aiw^  f^ nergy <StstrllnitlOfi for % ana ^ 
f«>r a nhort-rsig^ csriTjOiiofit of ^*®» ^^ '^J® ^ ^ ^^^ 
rafcio is loner by 2 to 4 txi^ksr of taagpiltuda t h ^ tlio 
trsiv^ iaif©wloetely #X2ni in cttudios of cxther f i rsl l© 
3ff A la Jiowr by atxnit a f^estor of 7 than 
v^itai fil>taifi«S for 136 tl uaifi9 othar aaejarieaantal 
tae^nlcriKJ* m^Ei^ aietrjbs olitaiiiad for Xtam vmg& 
% «Eid 41% partldfj aro in agroewat vith saaults 
fiSRH tho CE^ oaarlsii^ rit. 
?0 
•ftemary fi©ift<m of t> S3® W wemmmcQ mfotsofis* 
f'QimaiV iimim o f tJ f 3S by oA^SO ^ eisittmfM mm 
raoaetiTQa in tlw* tirrm istsle^ faot iP©aet«>r*aoearSlnt 
t o ^fio fS.rm of f l l d J t m6tl5oa, ^ t J i a roeoliitioR o f 
J64 f!fi©/iii tn contrast t o ofehc^ r ifw^afcigations 
i5anc^?mlw» the ternjarv f ico lo i i o f 1^35 In til© 
i<%«j*-ifi«a aecsor^ li!!?? t o tfie eoinei^leiie® of on© 
of t l ie f lsfdofi T««»3«iet8 %idtli m l l«it it loiK i^^ aR®© 
I5^fftiel0» 
90.' ?!SP»??50VCW| eteJ rh^ mmnl&e ejiectra o f prcmt 
!ie\^OTns All the toimary f iss ion of ??2^ fsielei . 
iStiQ QOdGtm of Twoijsst w3j^fon?i fFORI th® tcamary 
ffiaiion of tJ235t emitted at angXn 0 nnA 190 t o ttt« 
<Jir.'^etion of tho l«m^*ranf© ?jisrtlca«j, %*GI?5 
fm®miVQ6 Isy tho fStraa^of-llgftt (a@tl^» m i i is lysi f t 
««lio%ig that 77 4» S% IBOTQ iM«it;»wia «ro «aitt©d i n th© 
urn 
^l i^et loR of fl4igff»t of th® issrt ieios. t l ^ i 
©nrrsositeiy, «rh© riiutron nmetwm ixi^mmaaey f l f fsiai i 
i s simi lar t o the 1fe%?o-i3«!ftliel©s iiMBSjam S9cetnf3# 
'Sfi© lisart ©Qe« '^' anil mmn nm^w o f ps^ onigt ^fiiaitt© 
if! th© tf^rrmrr flssilon o f «t35 ha© heirii datentiinaar 
• l » r ^ l — « « — P i i n - i i x n i i i i i III! 11 II I IIIIW 
f i e ^ n fSra^Tjtnts etessrwa^ In tanaary f I s o l o i luaaeed 
1 ^ 1 ^ t^#t? 13 Ocst 19t4. 94-94 l». 
i ^ i ^ l s r aistrflaakiaii o f fimim fteai^ asfifeo or%iita^ea 
ffcra towiary iinnion Sxi the r^t^itm txt • 540 «@«l!%) 
E^fie t is t i f lbut lon of iincilos nofOal to t l i« h&sm 6imf^ied 
lo taaCfeafl cp l to a ^i?fQiroi^ sngutliir i!l£strll»stii^« 
Ifto elaonifieai'iQn of t^fftury Eleoio?! m^iits Into 
eortaln cflannQci i^ith epoSlfie Glacooa ir l tH apeslf l e 
angular d i i i t r ib^ t lon i s a isc i iss^* 
a<—<»«—»i|l III » i — i Iim •iii i i i i l i iriO ii»ii»m«iiimi«l Ml III • • ' • 
^ S^S 
®2» f^t!3TwlAStitmnK! (K) Ota. An tf^alimlQ of tb© l»ii i^rf afi6 
teoTftosy Cieclon of t i indtise^ b^ 12#2 OdV iaroton»#g^ 
ItiVB,.' P4,|t|^ jL 19721 1C^-11»' 
To bfftafy ana teaiary f lss lof i of u InduKod bjf 12*^ 0@V 
pcotonfl 1^3 hemn iirwasti^Mtef? ^ t h a i»lfcafl iai iat« 
(Setootor xeg^s^^x'if)^ the ti«i^es o f iiastljoles v l t l i raass 
iwpftier ^ t6# %e laasfe tStsfaet^ristle of Mfiarir m^ 
tQvmrf f inr.ion ar«? «!ieoifts©« and t!Ki aarr^poijdlisg 
cr''»9S«^«otlofi8 a??e giv®n« ItiQ i%lu«S9 of t l io csosis-
eiiotrion for binary iiiw3 tettuary f ieslon ar® ea la i l ^eS 
to i » « m s * 120) pssb tf*s » cis,^ * 2.%) m 
73 
Inleifsiietifm of V with 9,% »lsfV/fKiel@wt iWJii ion@« 
mxftmnf* ^ Aui-i sent i t t f , p«€i>i 
im flMSp^fitnont %fit}i 9»$ mvM m Ions me i^ oviodl 
0 ^ to Imnsstlgato ntseleor inter&etiaiis and Ih® 
c^fltstte i4ex« ooapti^d ^th similar mtmit$stm%ts 
mim t i s «tefV'^  w ionsn 
94* iramiv {m\ «to o.<i«j^ ii9ui«ir fsoKTttlation of fwtismntM 
tmm hinmpf wm^&tet ffiiision immm& ftf t ms^ iv^Jton 
:^tio ttXCimcAea proton imm of ^ « t/^tiinprnd 9 i i ^ Hipi 
iR9tili:^« «:^!ii^vofie:^otofi was ^^ Mid to R&affiiro tho 
jfHigtilir oQfroli^ioiis of tho blaaify fission Ufa^^nts af»3 
their «t0i?0i^ b^ i^ms of tiiE»9«ias 4lf tlio stirf^!e«» 
tmtrimt i^tootor* nio radios of tlio fisnioi} eios»« 
«oetions fis* m wm^kmt of mi^io to t^o ties ion <»es8« 
seetion of f^n H lions iot«rsiifioi37 
9S4 nmrnOPrnW «to, «ita8t««Rwirt8 of i^ iai;pinst fn&ss 
aistrllx«:ietn for ^^i» mid * ^ tbomsXwcwiitctm i isaion; 
%iif«i»Wp,Ws»R0B0t» Utot* ftyoto tAiiWC^lMfi}*Sil972i 
ifib^S (x«o0i<vQd[flianr»tf7S) 
With tho asvolo^ffisnt of imli«S iftato dof ©etors of goo^ 
ofwrgy r^oltstiem m^ with leeentiy a«9&iope<9 omHrgy 
n 
osrferRi fa9iisttr«ment« ©f ^sdiaii fra^pent crm»gl©c tdth 
msatXr ^xfvml mt&x^Tf tmmtv^icm eemmv&A to th@ tlmeHof* 
H i ^ t methc^ * The initial fr{^ r:t^ tit tsttiw distr Unit ion 
ftor ti €Bia * ^ tiKWWal n»tifcrofi itssion dbtaitied by 
ipsans of aoi:&l<3 energy f!i@Qfliir«fr9B^ 8 lasliisr siiioon soriae© 
h irr i^ aQt@(3t<»r SXB givm* *ih& H^ apasmt ^in^ie ^norQias 
%0m mB%f2&& tuiing a ntSseslI latttliod* tiee«iae of t)^ 
insiiffiei@nt dtaraiol mntiers of tuo piirais^ ^ors iMi@e* 
Il0i^|lli^ QlRlllySSfiKf' t l 8 ^ » 
1>@« niSMMHIE^  1;^) etfs XnfliSQiieQ of ojgeit^ioR rnitmsy 
on t!i@ di@tnllliiitian of fi®9i<m fragasetit® of tr^ in 
mmsma a^ kinetic ©aeapgiesr giov, |,'^ iol.*'Ttivi9«^  1673f 
1 ^ yields an«9 kinet:io mmv^imi of ^mgaonts fzvm 
tr fission by isono eiievgotic fast n&&vem ^amto studiofi 
for th# mm^y tet<ar^l 0 en ®«^ fh© rosnlte «r© 
bsing ai8(si@9@€ irtm t!i» vlm^ poitit of #ie infii^fieo of 
stKuottsis pecsaliaritioii of ttm spiittin? nueloi^i and 
i«]oloi-fr«p»nts on ttm fiolda i ^ klitotio mmegimj 
(mieeial ifamoJ i4#S0f 0ct«19?ifTr9w!>.^  Oisetr.s tlie 
ooonomie i^etnos of ftasil e ^ i ^ and fi^ri«iition tii9tfiods 
of vmtiMm natione* 
9?iJ mvfm'W^Qimy «fte f^ 'i^ fa i^iitlioii of son* rtato mt^h 
^@wmtk@ i»»A]0ed aram U fisslcm by immvjf ionii 
Raipa enfth im/tmm^ »i*Sti tmli i i f# period iwtm t liotir 
ui9to t 7&aat metQ esst-met^ bf en^i^ of the x«dio#i«iilOftl 
iMtliddir .a»m th# IT^^ Mtinlo «9iiios«d to tfm man$Mdi«ni9 
loRft* e*^ ,!«» *^*ilte®^ and m^m ^ho ol«9»fit8 ftr«ra !« 
w^Q Oi lisre 8«Bftrtit€d b^ mmm of ttio el^etreeilistrstiofi 
m%los f^ athod, *mm w tme^m in the mimegf mgrion 
$(>«2m)0 Kef^  mem tmmti3Q^&& II«IIIQ tlie s^nlfiofiSfietor 
spootsometcr ^Vt\ ^m OieCl4.) datootonr* 3t itt )^o«n 
fhat the ia9@o©!%f3rtt isotopes yiold at fiamd % i@ 
mfstmmt&& ^ mwmian aistrHiatlon* *the positian of 
tho tsaxi m^ tNo «ridf3i of Isotopo aistribatlon inAleato 
to that at iimion of hoavy. mie^i ^im ej^ nthosta of 
naiitroti-*d(ifieiant and nauitjeofs anS fiatiti:t»i«rii!li mielei 
ia cath^ offaotitv@i* 
99* eoRVf CF) ate torn mtmsmf s*"«8y« «id auina o f ^ ^ 
s 
naotioii xBaofianMSf©* 
tio& mswgf tttompt r-^ ray atteestra in tho lango 95*070 
les^ fwm h&m mmaem^ fat i&etTMxm ^ neatwe 
jpasonaas^ s seleetaa toy tlme^f«fll#it in tha tiaiitron 
Bmt^ T&fs^ tS^SBelV* Bisonsiiia^ ion againut tho 
natural r*^3tivity of ^ has h&m tiftitaiisod by mmm 
?5 
Of « <K>lnei^»ee teetimri«is» Tim siseetra alioi» 
a ^ r y cam^kimt^ gtsniGfeura OMdng to a faw mis^tva 
and fB»!if £t88loi} r^-^etifs ham bean uaad for eotii 
a()«tl/@nRBnta off fonrtein} raamiamass with amstl fleeion 
idl<3tlis« scmo ooiioiu0i«)na mee ^irmm eUtxtvA tita a^dn 
daaandeticoa of t^ra9«» flaalon «iUth8« atiiaotfopsf of 
fl^alon f«a@minta teiA a^mae^riic fiseioii ifialdsi 
100* v s ^ t ^ K K W ) 0t<s Pgmpit r»-PasB frora ^ ^ n , f J ana 
aponfeanamis fiis@iott of gf Ulya Rav,e«ltm^)7#3y 
®io st}?*ctra of psornnrt r-ra^m i^&m ^ ^ <nf)# f^(»lf J 
t*3pa t9 
fwasarw^ t*l.th e 4H3S«C! tan© lassolnticMi, A r^ray 
flp©ctr«9w>t«sf iflt^i e !iaaiMS8Bt***'-^ ®'' raspoRflo ties uaed 
ffifwt tlio flsifelira aweajigy wigfion* a nd rstotaufc tSBittstJsia 
irem flPftlofi nere laosltt^x&ly rejoctodl by th© tima of 
i i l ^ t « ftie Rtaaaiixt»d r-ray aiiaotra ohow a ayataoiatie 
aoffeanliiigf %rlth imafeaiing fiia^ no for ^w, Pu and 
® C«# fhfi asvam a^ ltiQt<»i anaftjy ebow .^4 Meiv ta A f 
tlK3«mal noiitxon fission of ^ and ^^Pn; and 
apon a^fieK»£i flaslon of ^Cfgrmp&istimSLY* 
l o i j BOC0W3^ # (y^P^y •ke fti line measureiaents of sarsga® 
fission yields in 14 mv nentmn fisaion* ^l>l»«ffl« 
•fhd inaanea^ttiit and csamtiiatinii M@alo» yi^do of 
radi gas i«Gtoi9^ prodoeisd frcam tl^ fission of ^ 
235^ 238^ ana ^^ ^ by 14 f^ if^  netitrfoii liave h&aa 
?maem^ by fsaans of on»lifio i s o ^ ^ s sa^erationj 
Qiaiii yiidl can b® dediiead fron tho eumslative yields 
ai!^  Qittssion csurvQS fitted to tl^ indotaendont yield 
distribationj Vialttes of ^\Q t^)^  ba^ boos 
tsmmt^ i«itb tbo^e o^ained fsom oih^r fiissiiming 
aystcsnsj ^ e total no of n t^tsion ^^ knitted in 
fisdion b8@ been estimated. 
tmj WSlKMtWSiiis) tkmmtvm m^n^em ealoalatbt^ and 
bel idty i^mation in nmlmaw ijliysio9» 
tliin^ the firee reaetiofi matrix n and Bruedkn r^* 
i^oldetona Ke«etlon natrix 0 the tt^ ovmioleeMn 
aoattering and nuelear fiiatt^r isroblem is presented 
in the belioity state f(»niationJ ^ e helieity #id 
partial iter^ state matrix elsments of the most general 
Quolear-'mieleon sotential givmi in the mmaltvm space 
are <%ileiilated« 
11 
103. Yl^osima^lm) and mtm(FB) 9«itaX ©pontanemie &n^ 
imme flsaton haXf«liv«it of ^^^ /^^ S^H a^a ^^p^ 
l%gii»t«ett»e, 3*? B#t* April* Sf72f 495»8, 
t^lii9 th© recently p»Eipos«a ecupled cSunniei d«iay 
tiheoiry tit© autliors !i«^m E^awo^eaa tha o^^on^ 
idbsoliste y|«i<l «iirvias; total e^csay i3r«3l»i^ilitl09 ftorn 
t l ^ snontanamitt aiid the isas^rie fi@«lori states of 
* ^ ana *^*^ Pu mnA th© aviwps^ Miwt ie ^acpgle^i 
fhoir uredietedl ^@ld mrv i fer the decay of isoiiiar 
fission nt@t0 msmB to l»@ in sisgm&mnt ultli pr<@llmii»arir 
olis i^irvstt icMTi • 
|04« timsflTiatCm) ana »m.m(ye) Ctmm^ distribution and 
avrira^ fi^@^ in thm apontanaous and is<3m@rio fission 
of ^^isf^h$ and "^^ P^u^  HiysAett .BjS^3r3 »sfe 19tS» 
Hareantaga yielda tar ^r ioas ol^ienta and tl isir 
aasoeiatad anterapi fflia«s@« la tha 0i»nt«moiia and 
iseamario fisaion of S , If and • ^ P H QTO «laotilated 
for tha same am of paacme^&m %liioh aoeotint for t)ie 
ixspeontato yt^ld of different niasaaa* liallWliwMi and 
tiM MnatiQ ^rnxgv sDocstra of t l ^ i r r^naetiipa 
fipanpionts« 
lOS. KftSRIf Cs) ot0 Saareli for r-4»raneti is tlie ^ m$ f i s s i ^ 
isoaer decay fflnnytat jKiy8#Matlt«(finlaiidi 4S#4»!3aQ# 
19^21 996p*{^rooa@dIii98 of tlia Annual eonfftPene® of 
F i n i ^ Hiysieal meii 
^X'. 
?H 
Th© fi@«dofi 6&asf of m **°®o isomer tirlth a lif© 
tlma of 130 ^  »S in and an asfieltation otisrgrr of 2,3 
e^/7 lia» been ta i l 4Ummm«.e&I fxwi oo i tp^ i^ of 
flayed fission yl0i<3 to ealeulation of thft pEoduefcion 
orod8««eetion i t appears tliat the IMSOO^ is axpaotea 
to be ^M psinoinal lao^ e of d®-*Q96eitati<m of thin 
iaomsr* *shm ^neltiBloti to be dra^ m ftom eairefal 
analipaio ^f t l ^ sefiullt is that no r^ imya «r@ obaorviad 
with th® riiGlht haif-l ife in tho ^mmy v&glm oJm^ 
2m*fmv* Ouaittitativoly mm mn Be^t tSuit for t V^tl^ 
lOSj BSt<^ s^  C'K;) and B0ift? (^e3>) fisvsstigfation of r^r^ 
@!iii89i(M wooaadin^ isont^ r fiasion of 
Hoaa^ sEWSanta M^am uta^ ^o datect twraya prooaadingf 
iaaaarie fiaoicm in ^'Hl indtitsod by «^«a«g© x^nttrons 
eatituTOd in **'tl. A limit of 6 « to^ i*as placed cai 
the ratio of the rata of iaoraerie fiaslon o^ata i«ith 
tsrafi^aian r>-ray8 to the rate for mce^ fission a r^af^ s. 
Ihis © p^arimarat providaa direct €rvi(%nea that tha paii» 
atration of «iQ t^itar barrier is imieh ^Psatar ^lan 
that ftir thQ inner barrio ior 3«iand4«€itata3 i n * ^ * 
tm* ^wm (OB) TWfTA (I) ana t?iFPi2<t.) Xdomer ratios 
0 i *^eg ftMCRiea in the fi«sloii of ^^% ana ^ ^ 
by paoton^ of •nofflas ?o-9S %V, .tr»ttt<Mgq»aiioi<aar> 
CtyfB.^  3t/si!? W&9t 3731*7 • 
Th® leomor ratios of ^c» foimaa in the fisaimi of 
*^ t^l and ^U liy protofid of onaxgios tO-88 Msv lia(«« 
baai ^tinrniinod estpariiatntally* G^eulatioiis ham 
boon fm^ for tfmm i&orti&eB mt io on the bsois of 
a stat ist ical theory of th© aoin aiaisrlbutiffii of 
the ntSjmsy fragtsanto^' The root moan square afipiiar 
cioraentam aia raetarising tho npin aistrihiM^ion 
of the tjrtoary fragtrento, varies hotnaen tn t ia t 
90-30 ?|^ ana IB to at 85 mv in ^^^u fij^sion* %«i«r® 
as i t i s ahcait 16 to in "^ fission iSvemi^ out this 
ISOTOPES 
l09*1@!UD2acCB) eto« i^ms^m^ plonwinatiesa fission of 
oranitsfi isotoptsi i^ Slivs»Rey«tiQtter« 24rll#^^0f604*7•* 
itto aiM h^ors have wmmivoS tho mmegf aisf^rHxitlons 
of fission fr^Tdants followiiig formation of imfisnio 
^ a pionie ^''tf ana •'''ti. Thoy hav® eonfimaa iiarli^r. 
leemilfrs on the m^ an l ives for mt»n captor© toy ^tr 
ai^ ^ ^ and i33Ct^*ia tho stiiay to ^^^W jwiaitional 
data h a ^ also b^on oistaii^ on t ^ iroeess tSiaro by 
a tmm ^nauc^ fisalon by ransforring i t s «sieitatJoii 
mmt^Y t<3 ^ ^ noelear in a raaiatlon lass tmrniition 
to the Is le^I* 
% 
ton J BOCOOST (or») me J Om-lixm mmmmmtmts of tlm 
mm^m fission ytol«3Q in 14 «dv t^ <tttr9ti H&Bi<m 
fho inasflginfent a?vS aiattletiire fifistcsit yields of 
ra]r@«gas isotoiaafi nroaaooa fsvia t!i@ iimlm f$i 
lxM» meamurec^  Irsr rmma of OTi<«lifso l^stApta saiKumttoii* 
(Stain yiQlda can be dadti^ oa from the otsaulati^a yiolds 
a*ti <3iatidf«ion cmrvati f itt«4 to Hie §M^mm^&nt fiQW 
aistrilxstions* i^ hltta of 85i>»®je antS Hava l3e®i 
oi«par<^ %i%!i tti<MMi oaatainadi froia ol^ Mr UmBimlm 
•yataBi* iflw totai no* of ii8iiti!tm#. ^ j^ji.'!' awifetaNl in 
l o i j FI1MI2CH) flsisiami(o) KR^rZtjv ana mtAtz «•!.• isseay 
l»stop€rrtiad and yieian of aliort^livad fisslan pjroatiets 
In th® SO and 92 na\^ron»^®llr89i^^ in th^traal neii^ Dsn 
lUdtiedS iisaion of ^m 4r;g|iir8j(ftwieQ>33#'8«»9iJiai3^«ote 
1972 r 31 P Csoropoan coiforonc© on wiei®ar ftiye.) 
flaisifS iratio €^aiical. sonaration firooedtires M&em us©i3 
to iiantify mam tha fission larodtistQ of ^ # eliort-* 
tiii@@ :^y»n to a ^ ^ ono ooe. indepanfient and ourmilativo 
finoion yioids of a nd« of theea »«3iior neore laeaffitified* 
t» 
SI 
111* mmm (B) and RAWI(TI) Recoia propcartlas of 
aukimony IsotAn^s iwpodwsod by th© reiaction ol^  
570 f-fsv a,w3 13»?. <33v pJKitons vlth U» J*inorq«T3uclQar 
fH<!fn# Sl#9f 1969f 3649«*4M .^ 
tJaincF tho QIS^ ICMS O€ thidk eate^rs* the rangrofi and 
recoil pro?»rfel@s of 13(1?) ctittoiony isotopes botween 
A « 115 aiifl A « 131(130) have beon measurea £0? the 
rssetiwi of 570 »%v (18,^ oenf) t^ roton with Tl» ^ho 
Idnetle otixgies '^  ans almost in&apenMtilt of iirofiiiet 
maoo rtan!e)€!r at 570 fteV bat rihow a etroner dODonaenfc© 
at 18*^ 0iv the hlfi^ hest iaotopas ha^ng energies 
Sat praductivQ of aiitfcaorjy i8otOT*2S arc alnK^ eepial 
at S7QN(tV aivS 19*3 OBV audi f i l uell to straiolht lines 
of the fosPi, 
• X?tn!(*m) and OAHctJMf (Art) tfeutroR «fvaw»atioa onefigy 
dis<;^ rl|3U(tion in inSidiviaual fission Ara^nta* fteys. 
r^v,e?,S,4t A'Jarll. 1972, 1410»*»l. ^ ^ 
ttel?!^  IcoDople lawibability aiatrlb of frs^jnents as 
giimn by a modol for tho fission proeadd andthoso of 
nroiSacrt as ealoulat.ed from Tjublished isroduct dhsxgo 
diatrib |iaraRietex;a« a n@v praeaduiro i@ ^ovolopcd for 
obtainim? th« 00. of ngotron awat»ratad fian indivi* 
k^ial fra^^nts of 3359* 
113. id^sorKce), tibraniu!!i mx3titSmM^» mel .taawoC special 
iRSti®) 14»l0r Oct •1971 jf 74«d» 
t^ avlouRs the present trends an^ to^nieues asiployedl 
in the onridvoont of uraniifn iaotopos Ineluding an 
ijiitjeoyisaent eenaration nosale p;oG938« 
1147 'Smrexii) and %aiSE(U Wuclooir chartfQ diotribation , 
in tho fission of J33tl by protons o | taeditsn ansray* 
eanad^ -^  J>ehga> 47,16f 1969| 2051-.32. 
tndefjen^ font yisltS^ and ojKJltotlon functi«is havo b«»en 
detoirrninad for the formation of eesiirti isotopes with 
maasaa 129 A 13«l in th© Hmion of 3^3 V with 
protons of enerories batween 20 to ^ MdV, "nia energies 
at idhic^ t the various eiicitation funetiaR r&^dh thalr 
naxima have boon oorgpired i«ith those dbtained tt» the 
oaae Isotoposi fro^ i flssionina gyateras «ith tatgats of 
different wmtiion to proton (t9/%) ratios* 
l i s . «mAcy(QL) eto* Jtb and Co isotooie* cross seetion 
fh© Isotoplc a^atrflb of V(b ana Co from tho iisoim 
of ?3«3U 232 •»!* ani 235 U indtieed by 40 to 60 v^ 
pTOtonrj "havo boon rasasurod by n^ sano off on on«lino 
n 0^9 srieetrCTTnter* AH the Isoto^ie crosfs-^eetlon 
rhotf B olfjnl^icant oad»ov©ii 3txaotiire# with the 
formation of «w-«imi*^ roa isotopes bving favoured* 
Tho t^ ff«ot In n!a«?e moTQ :5r5not2ncQd for tho neutron 
ricSt tsotopft. "Tho od<l«eviati offoot in J?b anS Ca 
dis»"rlh can bo accountod for by a 10 to 15^ nmstiros 
Tttirinq Qffoefe in tbo w<m^ yiaW «n<a a ? to 3^ 
pRirincr cjff<^ nt intho noutro!! oraiasion fir^m the raoan 
fsaas nunAMTs of 1S> and e» distribution, the avarage 
total no» of Gfllttod noutpcjn has boon ostimatofl for 
e&dh reaction* ^ a information togather with rasu2.t 
on ncsatron nnisslcsi as a function of fragnam; (t^ss, 
has allowed tho mt»an mass no* to be corrected for 
pKwwt nou r^on ^nission* 
%%€» Bommmim\ on th© <iuaa|ti«ci of the mat* dlstribotitaB 
of lMP»Sl6Bi&ei prorhicts, Viaf^ maYia »is# 15#?J ItJ'??!, 
209»|,t? m i^ossion English translation in 3ao«\7*l9 i^* 
Tfra valtses of a coefficient K %dhiefh takss ^ito account 
the particle recoil offfect at tho eonutruetion with 
njn « » 1 ^ ^ fc^mila of the mP fissian products niass 
distribution in calctilated for diffec«nt ^ngcaent niass 
ratios of tJ238 tlif*«»fipslon by thetoal nsufcTOne onfl 
U233 by fast neiifcxons«rr 
tVj BORDOtdos) ana RORGDI^ i^ l ifess distribution in the 
fission Q£ 233tJ by l««5 *#V neutron»*y»trtorg.moi^ o^ (fram* 31#9r t969t 2ft23«5. 
Itio only a'vailaStle data on the iiiass distribution 
in the fission of 233ty by t4-lS !«9V neutrons are those 
renorted by Bonttycdi1$in et alU961#64) idho n^sorsd the 
yields radiodhsiele7»lly for t<?5n WQSS dmins* Iho 
attthoc:s meamffed in this vot'k i^ ie 233U fission yields . 
at 14*8 Wff mmton enerory for t^ rmty two waos chalan* 
Ifte Riiiss diirtnributien i s intenasdiate between t ^ e 
of t4*>iS nslV netstron induosd fission of .232 19i# mmH 
in t ^ fH»t obsenwd in the fast aBiitroft»indacad fission 
of 233U« 
S3 
t^ S^ GPBCTRI^  
t i s i K^ :rKr»*im?,%n oto. nbroluto mnatsur^nento of for 
?tS 0 and 239mn In th© inan^ of neiitnjn oiwrgyjof 
10 KeV to t «#>V 3fti^tt2Ea2*^'*^ ^.n»1972 y9S-7» 
^rith ^ « heln of «r>9Ctrcj«oter ISISM ^ l u o for tl235 
an6 Pu 239 waspa dotarminEidl, Charge csadmitta and 
aelntllatlne? liquia a^tocjtor wane uaoa for dot cot lag 
radiat i^ ea*ttira of nmntrmm ao^ Inntanooaa quanta 
fission* Ttto i^ altxe for tfowrmsont awsrage reaainsr 
of fi\?3 meawiPGnfflnts for if? 35 a?ia 9 moaaiiireRJonta is» 
^^39* tidcon indoamSantly* fhm absoluto orvor for 
including tho a!!l)Sflrulty of tho n»sastiring se^-^p i s 
im^er 199$ nood agroqgnant ia olitaiiied %iith othor 
osee)erl«!iantal valtiaa* moaoured on the Vtodk> Gsttai? 
aee^S^otors by «lwllar mathod. 
l t9 rank annuix<* lation mathod in th<% ^ matrix thaory* !l#y»Ratta#^vs. 
19*10> 1974f 1063-75^» - * * _ « -
C^ho collision mat-ri3s Qxproasion in toxn» of the ^ 
ma^riss ia adacfUate for the aiiplieation of tho ranik 
annihilation methoti. O^aiaralising th-» Roich-Maor© 
iiiat^odC19S8) to an axtlittBry wxfSb^ of fiaoion 
dtiatmcilB and iiainer tho z^ nSt anaihilaticm nathod 
ingottiiig t^ M channel matrix elatnanta* tho most j^attcsral foxmila of tho nomron fi*?oion er(^9>»soetion 
aiopliOBl>lo to !i ioterferiog rooananoes looola ani3 
withosit roforrino to ,the nirtoar of etsen fIneion 
diannola is obtained* Vhe 73S U fission eross^aciction 
vnlne ooatjiited by thin rtnthod for nmitron onorgies 
leas than ?0 v aro oonoarod with thooo proviouoly 
dbtainad by th© itoeit mathdd 11958) A good f i t to the 
eser»arli»ental dale i s fotmd* 
120* ©»5!fSf?<!«!l) etc w m installatisn for measuriiw 
tise aneiular anistroiAiy 4f m\iitm deeay m^ iifiQion 
of joriantod actiftiida naeloi* 3&iBtrum» & i^ go.fttedi 
17,tf fen-?teb.l974. 42-4 p^ 
An iii3tallati<»i lo describad for porforminty oaen 
on iiK»asuxen»nta cHI the angular aniaotro^ of 
radiation an<3 the finaion of oriented aetinide 
nueioi* A orocedus^ for gaming single oryotala 
of actinido-mioloi* nitrate and a method for 
doTJOfliting tvfpaea of radioaeti^ oamom&s on thata 
S4 
aVQ ^iVBtim Tlio f Inolon ftra<5raenta an^ partielea 
viare naosK e^d lay wraicpcHvSiictair detectors that t«s^ 
main!;atn<35 at a temo 25 K. Resaltc ape renrosofited 
of moiistwtynents of the anlcotrotiy of radlotlofi froai 
orlonto'^ ^^ tit? nuclei an^ the e^naloi of firags^nte 
as a result of the fission of ori«ftt€HS II23S tvieloi by 
thexnml neut-iono.' 
tni no^HQim) ana cmtm (u,) Analysis of 239 i^ ana . 
«35 p reson^iee self'^Shioiaiiig «»qeriBientB. r^qft8» 
,^ fa.T1UffiX«5oe»(t;SA) 171 nerAi*,l^3f 491-2J 
flio irononance e©lf-€0tieiairj0 mcsasupenents of Qainr 
and Brsi!!ft>lett for 239 mi arri 2^0 have been analysed 
idth thQ '^ cw tlonte Carlo Cbdo usina cror.9 «^ >eti<Mi9 
generated from the etSTrant ISIDF/^TIX data* 
122.' RAPP^ nr (RJ> and WlHAljC^ oCjrp) ffomogenoas critleaX 
a8sorr|5i.ie0 of ?, arn^ , 3?5 U 23S cnrldhed tJ in Raraff 
l ^ l , 5 c i & giltl* 4S,4» l«'72f 433-43 
A series of clean critical exg/ta has been perfozmad 
with tforaogeueoas miKtutftts of finely dividers tl<2> ^ or 
V(3) 4^ di0i9ersed la mrafifin with H/S^U atoaiic 
ratios v&ryincf from 133 to 1^2. ftm asscEitsliee aro 
ocmotructed In root angular geometry» and niintoaim 
critieol raaonea anfl w>lur(if> in cyllndrleal and waherieal 
goene/tvi^io are obtained frona bttdkliner eonv^roions, 
123^ llAJ7iao!?M*AT^ f(r4) and ^HomsCTD) onicsion of alifea par^ , 
ticlen in the flf»9lon of 239if by 16 and 42 ffcfV tsrotonn» 
lliys»ftey#''c«fl»4 ? Aoril# 1972? 1402<-9. 
the rata of efaisslon of particles in eoindid«nco 
^th flnaion hns b e^n mr^ aouri^  for 239W bonfearded fe'ith 
i:irctons of energy 16 and 42 MaV, <2here i s a olgnif leant 
increaB© in the nuwfcer of particles per flocdoo over 
t^in rsai9e« ^set of thin increase i s duo to oontilbution 
frw! th«! (^, f) ronctlon» After correction are rcado 
for thin oroeesa, howewar these roRBins an increase 
of about ?or> in tho tsrdbabiltty ftsr tho (*», f ) 
reaction between the low and hirfh^energy neasureaiont. 
124»' fwmiscns) Critical n^ asmreas^ t^ o on m ei\ri«:3»d yraniira 
solution system. :g'ielear icj^^^nenrf $3,2$ 19e9?2S7»76p. 
Critical parametera are rorjortod for an escontially 
unrofle<^ad svefeero ccptaining uaraniura solutfon and a 
fii^d neutron poison* "ma uranium solution contained 
450,0.,of uranism psir l i ter, '"f^ uranium x^ as enritihed 
to 93.19 %tt% 235 U. 'Tie fiseed noison «ao natural boron 
otHitalnad in ctainlena otoel platoo ei^ coninrised of 
1,0? wt^f the idatos* 9tio total boron e^itent was 
i^ aried on oueeesriim runs by diangin^ the iwetoor of 
85 
pilat©@» The plates were arrnngod alo«i tiaralloi 
cfKwyJfl of the 106«6 cm d i ^ oylindrieal 4nt!:> l^i!|Qnt4il 
tartkr they a^sr© afip»iciraatoly ttnlforraiy shooed. 
•niree types of maaBorenKsnta are ro|)«rt©d# Tl^e, 
f i r s t tytso nKWl<3o8 data on an urnxjlson-^d slab* 2tt 
tha seeontS tyoa« tho tsratttum solution %e&i£^ at 
c r i t i c a l l y «an lasa than tho hol<^t of the plstea , 
a!v5 Toovldod data or» a noiooncid solution eyltndorv 
l?S , SM?TH(fi?) end RErn>^(SD) Haasiupsment© of th0 
absolute vsalao of eta for 541 r^ by tho ntwiganef^ 
both nrjthod, i^oe^diirrs of a eoofarofjca on neutfon 
orooo noctliai and tedhnology *Jbll Aug 2 WachirKiton, 
4-7 airdh 19S9 589-96; 
Vhe absolute vuluo for ota for 341 T^ has maasured 
using th© taanganesa b«(th teed«fii<|Ud« WJO *mi crystal 
atieetromofer nara^dad mono-Giidingetic n«it-rona for 
mQasuroftsnta at .OS S3 cv and ,060 dV l ^ l t y of tho 
tnasiMxtiraisatie bea^ va@ insured by tho operation of a 
laedhanleal neutron f i l t e r in the nra^g ba«n. Tha 
aaasuresnonta o^naif^ad of comparing tha S6 r<ii 
ac t iv i ty induced in tho solution by the neutron beam 
tfith the ac t iv i ty induced by fission neutron 0tiitt<^ 
tdhen tb,e low enercry bea^ waa absorbed in the f ies ib le 
se^a»le» 
126.' T&3A (IfS) and ALTRBPCM) 
Radiodicsmical determinatior^ of the f i r s t neutron , flm in uraniup ascerfolic^s. «T>inogfi. and ^uel.ChgRt^ 
V»3a no,0 Aug,ig74# l6!J<?-.703 p . 
2ino ti^ t^o introduced into oure Ur sa l t eanetlbliae 
as tainget material ^ r tiio formation of fast neutron 
«r»acticm tBro^*»rt Inordcr to dcst-cjrmine the ^at^t neutroii 
l(luxnli^«g detei^ine fii throa BamrtXp %mo .029 ^ 0*003# 
.o?o 4- »oo2 mjd •oa>5* .053 n^Riin/guJ The fast naUtron 
f lt»r l o r these three samples t^as ca le t^*^^ ^T<^ 
rcactoiij theory and found to ho .026, .017 and .017 n / 
8iln/gt;« respectively. This study jsrovldes tho f i r s t 
direct BiODauraraont by estivation of the fj^et oeutrKSi 
flu:: orient inn natural uraniufti assenibly. 
i:!7» PO^T^(tl) <n,r) reactions \«|ith and neutron-lnduced 
fioslon of oriented nuclei, ftoeocdings of ^Q Snd 
international eonforeneo m laolatised tawfota* Boiiaeyr 
Calif . USA 30 A uep-2 r,e|lt7 1971» 237«467 
S6 
emission aft«r catttore of either UQpolJorised or 
polarised nmtrom* hy oriented inielei* Xn the 
o^er eseoeriments the dircetionai distribution of 
fisaion^fragmente .frcra aliened 233il#ie35tf and 237i^ 
mielei i s studied, The latter gi<va inCormation about , 
tiie nature of banri^ nr states of hinlhly defoxmed ntielei* 
UQ» immwmtVify A eonwarieon of mifclear diangre distrib ^ 
in thennal neatzpn indace<^  fission of 333 o and TSSO* 
J>lnorfT» 6 nxl* qiwn». 37#Wf Doc, 1972f 4327«23» 
Fractional oixmilatiiiD Vi^l^s of fission products 
aro dbtainod. TSWBO are bolTif»JX £n understanding 
t3)e mtclear dhange distrib %(hic}i ocoors daring 
fi'Tclot! Ra<?ioc5te^ iieal monGuremonts of meXesa change 
dintrib in thts thermal naatrcap indtwod fission of 
237 U tinB 235 0 aro cfTHfJanid. 
wJ—<w—>MM——»»Miiiw •• II m I— 1 umm 
222. 
• 1 1 1 • iiiifM.i »i I m 
1,29; QRtnm (^t©y end msrti»itrT»^ tAB©) ffaamireiiient of fission 
gas rel^i^e rates ?rom o tteanlwi diosiide fupi piJi 
dtirimr irradiction in a fast roactor* SiStmmeli 
Vr^vcw r^* (09) 12,4» 0crta973? 449-^. «-i.n^ 
m 03cpt has hmn earri«^ rt oat in tho X)otinrearr fast 
reactor to maasure oentinoasly the fission gases 
iteleaaetl from a Ictig It diojtido fuol pin irradiated 
to a bum-ut) to f^U *rhe gases yere sMSpt by a heliun 
pttw» from tho nin to the raactor top \^hxxm they tiewi ^ 
analysed by bottle samollng mA in line speetremetryj 
Meanarod reloa«59 r?%t©fl l«cr>anod %fith isotonic half l i fe 
from e^xm o,03 ^ for Rrypton -39 to 609( for stiAilo 
gases. nlthotK h^ tho ral^ase rat-on varied ^ireu^hout 
the irradiation they did not incroaflfa significantly 
^ th ranidf clhangea in raaetor •wjcsr, 
^ ^ ^ ^ ^ 
1313,' t^»T,TT^ (!)n) and ftomett (nsj m-nttu oiaasursments of 
tho ra^e of93S0t finsion indeed by lunar mutrcois* 
1^ r^ h q Plqnot'.nrft^t^tt 21,^? Jan 1974» 153-65/ 
The depth wofil® of tho neutrotvlnduoad fission 
rafco of 235tl wns diweetly neasuarrtd to a depth of 
87 
ISO g/cm bf th9 Anollo 17 Umae i^ Ritrcm Prdijti 
«xix»rlRMRtv *?1i« fission rate ri«ttfl tfiaply frora 
«h9 surfaoo to ii broad masd'^ iisn firom 110 to 130 g/ema 
and dfoioa off at graatctr deisthaj Tlt« Hiapo of \ 
t1i«M»r«ti(3al aaptb tsKofilo of Ling^ifeltor €ltm\^ f i t s 
tha maaaured esPtoiM rataa wall at a l l aapfche* !^ba 
nibaolute laagnituda of tha oscparliaaRtal fission ratos 
am (1) 4> 17)^ lowar tban t?io8e ealcnilated 
tItearatlSally* 
13l»* KumhiCf) NORAVBCA) and M ;^OCL( j ) The aetemination of 
l^ bum u^ of the na<aocir faal, on the baaia of laaaa 
aoaotrcrotric n^aaiirflEnent U , Maaaurasiaiit of mxismt* 
ta9« of fisaiona of W35 Sa^^mmav* 19,12 f a9e»1973f 
4(xv.3«^  fhe mrnir descrlba the aetoiiiiination of haming 
tin ?3S H on the baaia of maaauring the aeereaae «|f 
235tf and literease of 2369 in ^ e irradiated ftial, Vtm 
developed method of %W3 in the irradiated aaaaureiient 
of i^ Q ratios 2330 and ?369 in the i n i t i a l and 
irradiated fael« l^ m aa^ aplea of the mielear fuel loete 
anal^ tsad by l ^ i r method and i^e cesulteof the bum^tip 
cibtained ^^sto oonpared with that detonnined radio* 
die'sflistry* 
see 
t%*J mmjmtV) i^ begg C )^ end TtftO»]^ (ft) «nte maaaiiremanta of 
the reactl^on ti^iie ol^  ?39 ^in,^nt) using .14 fWV tietstron 
g»lY*f»(vy«Actaff 46,«f I Oae,' 1973r 4l4Sw<Si^ aa ft^s^ieal 
sooiety Meeting, SwitaerlaRd,4«iStilay 1973)» 9he angutar 
distristitiona of fiaaion iragaenta i^iieih were araitted 
fran tm aingle eryatal under the bootoar^aant ef 13«4 ^ 
m^ aaatfona wore evilisatad with the aid of glaaa platea* 
131s« mtKAOQNSCir) ato ^tiaaurtBient of fragmant masa diotribt»tl<8ia 
for ^33g Jind ;s^9 ^eRiiaV4ieiitron fiaaion* 
funttJ^oj^ea.Hegot^ 1i;nnt.kyoto 0hiv{Ja!)an)5y 19721 39*63 
freewitMid t%v,1973) • 
mth the dewlopmant of aolid at^fte deteotora of good 
ener^ «as^ution «Rd with naeently devaloped enargy 
e^ihration tecMjuea i t has becorne poaaible to perfbxm 
neaimrttaant of fiaaion Itagaant esafgiea with nearly 
equal enez^ reaoltttien csompaied to t i iae-of - f l i^ t method. 
The in i t i a l flfagaient maaa diatrtbiitiem for 233I3F and 2330 
S8 
mtmasf mmmsatmmmtm m^»S ailieon siarfaee bsnrlar 
deteelorw are givm^m 1%® fmpMfit: M n ^ l o ^nof^ltts tiaam 
analysed tiaiii? a suSxsall (!iitli^# boetmae of tlie Hianiih* 
i o i ^ t eltanfiol nstidsara (S2a^ diarmala) of tiie t%#o» 
i9ttramet«ir txiti3e«}ial^t analfser nao^* 
134.^  soiAiwx^, {w»^} ai*3 iffismaioCB.'Mj sti^y of tho us* 
of partie&a ciianfiaUiii? in t$mm of fllilht ilsslon* 
A iSii^et fliyaieai raeastir^iiofifc of 1^9 mai^ aistribtitioii 
iti thf} ttiasrmai tioatzon fission of ^3SII ^km timiO» usififf 
the aincilo tliit»-of««fll9!it inailmd anS partioio dNaimoUinf 
««ia «fimlo?@d in an att«it^ to aediievo l^ooa mnm:^ 
rmeot^im to g i i ^ a mam x^soliition of bottor ^hm 
1^? ¥IARR(E) ate Oomuarativi ^^^rmlfiatiaii of U9r Odiitant 
1 ^ thtt f iasicm-itraelt taethod at^ by aaiay^ tmOLtwamm 
^fUttk^m^a Atwtificsa r 40# 3-41 261*719 !Sao.1t9T4. 
Both fflitboas ha^TS^  beon mssmima as to t ^ i r aoeiisaoy 
rofvo^uelbility* aai^ititdty*' rocmifoil mass of the 
s « ^ « i^d eyoio tint® pair mmpl®J 'ShQ Immt limit 
of deteetiori for tir Is .3 ppni ^^ihstj^mtsmlfim the 
WQtho«5 of ^layscS noitron aa^ lo p^pra Iter th© 
fission t£ade laifthod. 
MaasuriRiant of mmw^m oro«»««»#etiond for aoiaa thz^sl^liS 
r^KStions by m^ns of a snail fission fo i l In laxigo 
li^ ERial^  nenttztoi f i o l i ^ i 
^MmlmSGim «7odhnol«i0»9f 8«pt, l9?3fST4-7» 
Average esossNti^stion mmmemmmta mim fxm&» m a 
it^m foil in an iviradiati<;m roars las\^ onougli to 
bsforo of »9flaefeQd B.vm pffiftiizbations* jsetptw due to 
«slng TQimenm r©aeti«i8 aro oliailnatod, neaotiems 
va^a \mn ealoulatad by a ^n te <!irlo n^ttiod* 
8'> 
IS7»' «UM,im (t> eto» Searcfh for fission ehep© isoaare i^it 
ln#fl r^ctiorw ir|(fiic®d toy nmifcroR of about l^eV« 
ti<3>>ir Utnitfl for tii# jtoaor of petxnpt fission rstio 
«iar9 fliaasiirscl ior tlio coEspoueid no^ioi 230t} i ^ $40^ 
oeiti«a by naiitf^fi vitb ©iisfgios in th® .S-S*^ tWf 
Mrion* froRi tl^so ^t& tbe iiffw^nce in the barrier 
!m#kts of the aoUbio«>hi£!ip@d fission potontial mm 
eale»il«l»d i«i^ a modiiiod statistical iSisoanr* 
13^; ^ !^pi«Q «to; Qi«!OT3*Sf^e k ^ * S S ® ^ l ? ^ ^ 
mtb fast nsatnms* 1!feia.fia«16#6i 19721 |^6t«4«SEi^  fSissianJ BfigiiHh translation in iSoy^ Jiit3i»3l«ritg8^ ; (reeoiisnadfOfen 1973) 
1^is reeoits of m^miring in fi^ionlf^ m:s$ idth 
0«1P«>>6 Hsv neotrons ?^€( t^ n^ortad* P^hs niiiisiir@»3nts 
were ii»!^ at tho nleotrod Xinae with a tima^of^fllght 
methodHtsiiig a llitiiii^ ^sintiliotion aitaotcnr* ftm 
eaietiiation of mmmf ^nmnSmim® in tiasS fiision 
aoeoraing to tho statisticenl laodoi i s presantoa. 
tm* mmmcin^n^l mi womtim^ h tsmt t&^txOem tor the 
wsasiteaaBnt of xMtmimtmti mm^ost dHJitrlbationt , 
mteii»in»tnia; & Mathocis; t?o»2i @^^9f4f US^ 
A mm tmsmkim for qse^ isurciRiant of tjhotonoiitsofi ^ 
antolar aistrib usin^ tracSe dotoctor i s dmatiimSi* 
flalsroie^ b i^ri^ «RMIi»nra£Ol sosd-i^ielios ara plaead 
around tSia s^i^o being sttidi^« Fission fimgraant Qsro^oed 1^ fast fsoa^roiis Int^n^ioa in the 
tlranitm &tmm tha MidaKifoi miA by oottnftiag S3^m 
tradks «i0Uiar <li8tri!»stion <mn he obtainod* A 
siaasiiraR^nt of tha tlioto dl^inta^tion of ikn^ 
istiVfR seavQ. to dmiQiistrato t ^ toetmiciiia* 
140,? Neaimitmcm) m^ 'muhwmmi^} Weastiroraants oi 
ootieal 9nin <»i vibrational tran^tions of 09 gad 
sf^ sitcsS only by f$,mim fm0faant» . 
1Bmi9;i!Bi,laael,3ae,i9f 06t,l^4yBe W 
9h0z^ i s a l « s ^ miAism that oan be pmpad nith 
isuelaar roaotian peoduets Altluiiigh the oKist^ Msa 
of a txipuiation lxii«nrsion has b@^ in^nsed fmm 
9mm 8T)ae<»i»soopio tusadareimnts in ^ l y Ha-^ la tmA m-m 
ntMiir mH^m^ hm a i^ aaeiireiS omioal ^f^ hmn 
f®Portaa# 
9'* 
— | I W W « » — * — I III III •! Ill i» I ml mmmmmm 
tmi HimTLmcaim} «nd pmwisaHn) miuumtl ealeulaUoii 
of 935tl fHMtxofi eim^<m exoBBmsodkiom iising^ie rmik 
annHiaiatliMi ROtliod* 
tiolng ^ 0 rftiik mnihilatiein !!igtli9d« rocsitrrvnee 
formalao for calculating the l e ^ l aatrisc tUmmts ar« 
9iviai}» A muUllavial ascprsaslofi of the tMUtroR fission 
crono-scctlon is obtainei. The iteration proeesdiM 
doponds on the mBsO^ or of the oaen fission ehannolSt' 
Ths ?38 tl fission ocoss^soctlon ftsmaittcjon onectgios 
less than ? ov In connutad in t%io oaaas* Ono and 
two onen fission channeXs*' Ihe romilts era oompasBd 
wi^ tho^e obtainad using l^aieh-sioors osepanissiona*^  
I4iai ittii^ eiWP^ P^* ISK e^Dei^ ent yi-^lds of i3i*i3S$S» in ^ 
fission of 1^S9*3^tl and 299f^ hy t4MiiV nautrons* 
KttclJwiys.W A 198,* tf Use* 19T?* 22a.36 
Tlio dirt^ct fission txmulations of statos in i33#l3S9te 
have been rtj^ mirad f6r fission indueod toy„.14il®V nautcona 
r&^B consisting of rastal ioUs of 23SV,239ii and 
S39i^ wave separately sBcaiasuiatod at^ ima^iated for 
periods of i to 9 min in a (hm of !•% x ity* nMntm^ 
ttnQ "Xenon isototses of inten^st ^imm «xtraoted froRi the 
hulk fisslo!^ iMmducts idthin 3 to 12 rain after 
irradiation* OortipKitsr analysis taehniciijos iMfre amisloyed 
to extract tho indepandsnt fission yield tmlties from 
data* 
14!.^ nmmmC ^*^h msBomm^m dsL.Wid w^wi* J**^ * 
Prontgt jnsutrpns fraoi 2^u fisaicvi fiL'^k^rosnts* 
Att»t«JW?hyB*249 $1 !)9e# l^Tlr d21«33» 
^teisursmsnts ha^ *s heon made of fjpotitpit neutron omsaion 
in tho thoKiaal nautron fission of 934t} and tho mewn 
noutrcm wsimion per fragrant has bean dbtainad for 
oartieuiar inilues of the ira^aent rsass and total Mnstie 
onorsry* A direct neutron counting mathod waa afflployvd 
anS a oext^ pirla^ n la fi^le ,wlth data fEon pravloits 
eicperlmenta of thistyne* 
144. D^UVtitii^ lAJ) nese'^ rdh at CB^ to Impcow th« 
of n«itron standard ezoa»«seotion» Haitronnagp^ i yisika* (All union confsrane?} on neutron THym) 9t xyKio m^M 
29 %y»z Jmm Wft* 
Reli«fole nautron cross section to vihidti can sarvs as 
standard vmos soofelon fcup tha relative datc^niinatiQn 
9 1 
Of Other cross metipm naadst^ in rsaetor dosign am 
of great lnnrnxtanee* f^brnmrMban sna titmim cross s«etian 
tUKM bsen stisflled iar ttio furpose at csmm awferangB 
fisfllon ero*ss i^ ct&ana i#ere detoxminddl ti^o t^ sant .S^ 
at :I900 ia/s asutron imloeitsr ana iio»Tiaii8ati<Hi thKMig|i» 
out the rosonancse ration uss poriocmod uiato 1^ 
C9QRiT3«trisan of different data sets revvMl the need for 
a Bm^ 0«lec3tion of data to be entered in the date 
siies * 
MS* v^mimt^) BaLBwmf!!(n) mA mmmmiQ) neasunraants 
of the mean ntsifiier of laromipfe naatrwie emitted In 
the fisaiem of 940^ and ;;^tr l^ !)dti09d by nsutrons of 
energies bet^issn 1*S and iSiev, ^eitroitna^^ VivSkm , 
<Allunic» Oonferenos on neatron l%y9ieo,Pt.tIt*!tiev» 
US'-R, 90 ftey -^iame IS'IS. 153-64 P. 
Hain? 1^  Ma'^  Tandeta v ^ de Graaf eoeelerator for 
ismduetion of Incident neutrons and a big liquid 
eeitillator for detectiosi of flnsion mmtron the 
authors ha^ taoasurs'i sinaalteneoasly and with Qcctiraer 1«5^ (in relative valu^H:he moan misftier 
of "iroRrst neutron emitted in the 240t;u and 23Si} f if^oa 
reaction ,indac9d by ne i^troiis with entexgy ^ttm 1.5 
%o 15^ ^ *^ Warn the rasults Obtained they cot^ deri^« 
the fission cross section of 340^ relative to that 
of tyso* Thory also oS t^ained an accurate nalne of 
tip for the spontaneous fission <Sf '?40i^. 
ii&J mmi3rmiJ»ti) fUssing resonaaods in l9».^pKrgy . 
neutron cross ^loticsi of fidslble nmidleUv^Bm^mmtMtt 
^Jt7f 93 Oct, 1579T llSS-sJ 
^ study o^ si-Tulatcid fio i^itm cro8080eti«is indicates 
that tho fRTfber of taisaed levola ^ r fiesi ie nudei 
can be epitBiemctSslt larger than has generally been 
divided. For a nsiclear auc^ as 3^511 trith a nurtlber 
of oiaan finslon ehanr^ls and a tfoall le^tol epaoing* Q?iproitl'n?itoly half the levels aro t£ntibserv3d at 350 
neutron csieroy fesr a target at roo^ tenrscsreture* 
%4tm ^^PsmM ^  .the Fermi age of l^afytsd neutrons 
f^r tha first ttm H^e mlgratians arenas of iPisr 
single groupo of delated neutrons resulting ftom 
tho fission of 93511 hav^ been measured* The 
folloKdri? vjilms for the nigrrtioo jirea fl3# the ttge 
l.'4d at the indiuns resonance* and the age 
the fbr the slowing down to themal enssegies 
have be^ detomlned* 
9? 
143j m,vmc(mi 0ia tAS^iM on the «rarag« diafBet*.^ 
«rist^ieo of i^ rampt nautrofi omiealori fjram fission*^ 
9lie nKtiaiOitloii of oibfcaiRQd hf uaing RK»!e 
neoiirate ^g^srssaioiis ior tho av9r^9 iMutiKm 
mrnxgr in t^xn^ oi: a statisfclisai niod^ {»E^ cotapettefl 
^ 1 ^ m@ memrismr^^ aata on th@ thoeraat nmff^vmk 
iieeifm of 3S?Cf» 
?35tl Ronori: A^ iRR <BS/tl mm,^ nltSaemaston,^  w&fkjsj 
I3n l^a«a« AOPrJ JQin • 52. 
AH «miiaation has hmn m&Bm of dixt^ot ae^RixiiViatitt 
of tor thm mnj^xon IfuSuoid fi<solon of ti-23S using 
data aixoililile heioxm nmmry 1971 and 09&iiiat@d 
e^uao enfeeir^ into a ti^ # (S^ sta f i l e il^^Sfyi ts&lmf 
l ^ l^v a ncm-lliifsar varlatl^m ie mMmk %ilt9i 
a9toi>«lt!?o sfcnietur@ bot^ s^en ;7 ana i ,4 ll®V# a 
irslliito fit*.^<3 carv© hm bean uiaed to SescsrIbQ 
tlilci potion* 
er i t ieal eottnloa ta-anltutwastal eyllnters* s r^oe^eainga 
of ttt© Intomat^^mai cmfotosicQ <» fast jer i t ieal 
mm&eimmtn ar^ %li@lr anatiraio, Migomte* 10*13 oest. 
t%iro of iflantieal oaaxialJ ?tj94 cm dia ctyli!ia<!»rs of 
uBiK>dirai^ M3 ana itnref loetocS iixaniiiii a i ta l liavia ^am 
meee&ilmi to dolayi^ ar i t ieal lT ^ t h iax^t ap^sa 
Ijot^oan tJio f la t mmtmoam , i?ie metal ^as onrld^ad to 93* 
IS W/% in tha 2Btl Iso^opa* T^ earapt rms^tron fSaeasr 
emstant of the as9«Bibllef? wearo ffl©aoi»©<S by tha Haasif* 
tsainigua, and tit© xr^ ouXto ags«®3 %iitli tlwjs® 
taroeiletotS % a toefchod In ^Icm a tJair of aqaatlona 
TOtrononted t l ^ klnetljes of a €S»ii5»l<3d-ea»9 asssa^ly 
THQ «:fUatioRS nagrieetaa aalay^ naitstms aa«3 assURiafi 
STsaee Inaap^i^ont Mneties Cor eadh oylli^fcar «itlt a 
tlina lag to spatarirent tha f l l ^ l ^ tlBi© fwm oms 
eylirKlor to tha othsr* f4ultitl imtian faotara 
ealeiilatod for t ^ asaosdblias 119I119 39 tiginfRXirt tliaory 
also a f^ood %dtJt the aJC!5ortra@f*al valti)^« 
93 
ist j fMSL^ CM) n,mn,(T) and m^m-m^inM m^h-
iro^lution amm aacfciwi meesuremowt© for S36tl 
l t» cross 9<^ 5fe!on f<*r n^twMi-ii^iiBoa fission of 
t36U has tsaaa measar^a in the region of tlio fiosioa-
thresjhl«9ia« idt^ f mm cvsolutiaii for ti«tttr«fi»iii ttia 
onssw raiigo Q^ to ?J(I m^ of«i«»»3«otion laaidtoa «re 
db^r i^oa at 0«7S* 0*im« I .IS «fiS 1 3 Mt^  It i« 
tsossiblo «i«t those loeilffl eovreamniS to oolloetiv© 
locale in th® saeond Bsi»ifflE|!t of the isotentlei-
oaerny 1b®iTi®f l^r fissioii* 
tS2»%C!ftftieiw^  ft) otoj im f^xporlmsfital dotcfifiioation of 
t!» eontrlbtitlon of 0-»t3S a?i«3 i»i*«^ ?39 tKi t l^ hum «?> 
of a T^tonigen flti&I«^y<ii3 ,^ao ,^ |liy»ii; 1*1 #6t 1972y 
"She Qtithora i3if©s<Hit lih© €^?5eri«0nteii mthod uaei for 
OQtsaratQ (^ stoeminatlcm of the nuNb^ r of fisdion 
TSPoiftieod in u»*»33 ai^ ^^ i«?39 a*3eiimilato<» by mutton 
ea^uro enswoctivisly^ by faeasuring the aetivlty of 
th© fission woaacts mi»i06* Ci-tsf? an^ ar*«95i 
remiltlticr fiwi th© iirraaiotlpi of th© pititonigon 
ftial ^0siftnt8 into tt^ iiisdctor* 
133* sORttKv/!*) ^e* "Si^ ias nna Kiantic €»e»sri«9 of, 
it&^mnkQ in tho f licdm Ojf mi^% an^ «^ ?,39 l«r S 3 
awS IS fle«r aaatrons 9ogVj3<ni^ ,l»hy8; 14*Silf7if9:^-a; 
tho dsamires^nt aro pfgrfoisrsc^  of the Uragraent 
diotril^ttioQ in m&m^a snd !<« and at th€^  fics ton of 
tlS39 an<2 ni^ 3& by 5*S m^ IttQV no i^rone* tt ia 
noted tha oqnQidsrablo Incxiaase of ayr!^ Q@trieal fragmit 
^oldo an<2 the <t3CTO309 of the rao^ E» of ^a^aant^ 
fho variation of E T3a of faracpenfea «ith aifferont 
m a s ^ ara aifforont both in absoluta valtiaa an<l in 
sign* 
:IS4, wmmm^,V\'^) ate, mvfaaftl^tiat of 22|St fisaion 
1^ tHc9:taal »9t«;ron0 !?oy«J^mi^  •WiygJ i$#4f ISiySf 
S49*.63 
^130 «»taenergy dietriNsticai of aragaent© in a^flying 
of fiseion roactlf® tl23S • nthar^ r^© l»asant«a, 
Pirar^ wents ^©rrry ^ ^ dotactaiS In a <aoulilo i o n i ^ i m 
dwrfbor « 1 ^ ^i9fl» 'iha ratio S^iAfisilloy in tha 
mass '^istr^Mttioi not eor»9Ct<^ for th© ao^ratua 
reaoiutlon^ naxtron oai'*aion a^ ^ tha bacSogiro^^ 
froRi a«5i<^tttial ^intaiScmCQa, eo^mrlscss 360. 
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flMK^hcii Ibr uranits!! jif»ay In x ^ s and eor® saoMles 
has l»9Ki aavaiopea* itia IS96*6 it«^ r<ay of |40La 
nail maamumd at ttM> aiffd7<9nt daoisr times anS 
alRialtanemta oe|i^ti«ns U^ CKS to ellmliiate tlio 
esoDtrlbation from l i t ladsi^r) I40£ia* ^tw f^sjalnii^ 
aetivlty taeacured is the reaalfe of tfi© eatfiiane® 
23Sll(n#f I im^ I40La an«3 is in i iea t iw ©f t*^ 
0 aint#it» m ©isecinl eoti^ taraont ©5^ @pt fh® cs«ti4.> 
doteetor s^asa was neailed*' 
157." ctSLls'^ '^^ JI^  l-y.^.l «te» 23Sa onrldwont attorminat^ian 
I^r 3<^ t5t, i©73f *i5^* 
INo iiflRf tedinlcfues f t r i?35tr d!yi<Stnait aetenainatioB 
in U^-fiXlea eylifia^^rrs have been aairelopea nlngr 
la atom, H^© rropcartlonai eo(i»*0n5 fast neutxtin 
aotacstora* ftie Apmlopaent waa undartalsen la em 
effort to im^etmi relidbSlity in 0F6 enrlcdsatat 
imasiipaiiefits, fim Hrm fvm Bfwixlhmnk tachaitnie 
eoRsl^s of fsaaauring the pstasi^ m faat nmkxmi ikyx 
fflierglncf *oKa a tlP6 eylir^ar* Tho o@eo(ia enridN** 
rw!it measisrloe tedhnl*^© Is Isaoea on tbaxtael 
fssufcfoB-lnaiSQsa fisolois of tJs© 23S U to the W i 
1S9, <3©1>P2tJfC*!i.) ana mmmAh'sA^ 1lt« fmelaar ehat5g# 
aistrilJ pf tha c^ arg^ 'sa partiel^© f issl oa ©f 2^» 
HiQ aidtritiaifeion of mclear diarqo in tlia fusion 
of 2W$ by tr^toas of n»3 ifej«? awS a^itarona ©f 
10,6 ffdV <iaefi^ has boea stuaioa txaing 09(141 
atsae r^osoopy ualsig tho csriteria of a ^gt^aiaa 
<^a9@ ais^eratcsi cmwi i t t^ as foiHta tliat thfl 
postnia^a of tQlaiatirs t3ot®ttlQl @a63PSy best 
dcaeribiaa th« asto la both statda nithoag^ the 
i r ^ « i aata toa f i t toa almost a® 'noli \» ^© 
pjstttlat^ of arfual dhisng® aisoiaccsneafe/ 
95 
153. rmrmi'watliijR) ana fr:tpozh{^) eommtiaim of yields 
from floalon of 233a#.5>3411,235U*2^ V ana 239 V with 
tho 14•(Tier/ fMtitrons. 
1?hyo#R8V#C.&#5f T3ov# 1972 r 1@27**39« 
Th3 QUthros analyooa raaa^ -^yiold dtstributiofis f«pm 
flnolon of 233 ,^7340,235W,236tl end 23511 wl«i 14,8?^«f 
noutirons to study ttie details of th@ f insioii 
dlBtrltsntten as « f«netion of t e f ^ t masn nissjbor 
at a fairly low o«oltati'wi sner^. *i1ie fission 
yields of itidividual mrodticts, both eiimilatiiK» md 
if}a&ne?id i^t, vary anoothly anC m (^ epocted «lth 
uranivjsi taxtiet mass nuaf&wr. The owr-all 
distribution of yiolda boecrtios significantly 
nazrotfjer as the ttranitjm masn ms^ bar i s iievoased 
B^ho aiJBrago nQatr->n oraincisn aosociat.ed with tho 
varv l^ow^-yleld porodticts is il^ ot^ t 3*5,8i0ni€ie8ntly 
lass than ths value of ahout 4«5 for th® fisei«i 
frEgoonts cc a tiiolo* "This differonee may b© dtto 
to an inczQase in Bfterfy irecruirad .for raaetions 
loading to tiio lo'j-yiold products. "Ilio psolc/ 
valloy imtio Incraasas by a factor of maro than 2 
©3 the maoG nras&sr i s inereassS feom 233 to 238 
and dmqcQi^tmo lino^rly .^th ineroasing ooositation 
ensfTfy, tilth tho ^vnsMs&'sa and odfl-fflassuraniim 
IsotoTano dofinine^ lines that, are j^ tjjjrcsdfeiataly 
TKirallel and ^!>irated by 1,4 rwv» 
159.' »STHA»jyjD*n) and ff3rn3fna(B>,, Pis?i;lon of 23(40 ai^ J 2360 
trlth 14.9;!fe\y naaftroaa. T^WO.RQV.C^S^S? f30v»lfi72« 
iQ- i^^ e. 
fho authors detCTnlno masT-^ol^ distribittions from 
fiool<sn of tf234 and 236 with 14.9 I^dV i^istzoosj 
Thoy rtsaoarod ,tho yield of 24 laroJucts ooviaring tho 
mas" rang*? 66-172 for 23SU total dhain yields MOSCO 
onti^tod by corTQctinq for tha affects of nuelasr 
chargo disoarsion in fio^on* %@ mass ylold eunms 
aro iimllar t^ o thoso for flnolo/i of 233 17,2350 and 
2390 ^th 14.9 ?!oV nsutron^. 
ISO* RAywswdJtt.V) atoj RalatiTW maasuE^ araantsof in 
r3sonaiK?Q ,nsutron indue®* fission of 112,35 ,«nd 
P«2^ y?og.cr.!tigl.T%y8;' 14,5f l^ rrif 92%.34,' 
spin dimant^ nc&s im dateotod in the yield of mmnm 
wstibar '^ f indftant nautrono p ^ a fioslon fbr ff235 
and 15U239 in tho nsMtron energy region l«-40 €ftr and 
5»35dV, resoaetlvoly. 
^H 
161J smmwrniw) ma msmim mm aistrubuti^ of 
fiction ieagmntQ ix^m t^S^imthgiX W slimiltafieoiid 
T!i@ fllgilit t|in9« ^iflclty* en^agy an«3 aass 
dietrlbi«:iO!i atr© aitaly9@a# mi^ their ctiaraetarlsfcie 
fl0(£r@Sff th® iMan v ^ ^ an€ ^ o ttm ^^tfm of ttie 
<3i8tri!xitlofis msr 4£3ta InaiviiSi^ ^rmip of t !^ 
169 J I30i!|3(^ *t»,) eifec 1^ tJi© irQsonances at^ a^w® the fa»t , 
f*3«tro!^  fi.tsslan %hx»Et»o^ d of 23H»i,23t% anfl 234tl* 
Owiferiviwa o?i ntselfjar iSi^icn ?6 JUne»|JVily 1§?2» 
^ 0 Ifiterus^'ition of th<» ntmsturo of tlie fi@nloii 
Gpogs-^ect-.lon oa^ws n^&r throdhoidl to diseosMii* 
R#so!iffl!»5e@ en^BTim i^ "^ '3?ov?i thr@ l^^ i<l tunesoat 
Cfi?5>afc aifcictilty to Interppeotlon, the ©tithor 
have been attf^ n-sfefsil wj intr^trfft^ntifm haa@<5 <»i 
the v^istton o^ the lfi*^?tta parometflr Isy using 
stfSi^lt of Haffiaao mns hletrlch* Thia tieatatirt 
uses a Ofio aiifianislapal t!t»iarat|e ix>t«fi^lai i»r 
tJift vfo) TWtemfeijfeS.* «osiilto t^toSnafl hf th is 
mofehoiS sr«^  i5cw»?ired ^ t h €^ !^ »Qrl'fi9?ittl CRI^ and 
apo&ar to asroa "oer? «B(11» 
fS3.^ !?RTCitf»-l*s.) and lW?i?J??CA*i^ .) Wto measmncsQaits of 
toti»i r»ol3i'ss^ JiDatr<srt yloliSc as a fuiwtlofs of th^ 
«««J»W p? t3^ 9 n®ut-r««j inaieing f ls,el«ii» Sagla§2l& 
kT'r f^^, 4?, 3? '!arc!h# 1972? Bll-I . *rtio cwBt^So^ 
naatfon yleiao fTom 233V,?35y,233!f#23&I^ afi^  
S4? m liesv© bc!®n aicragiiirofS as a Satctlon of tho 
enQjEOT ©^  *'-he nositram lii^'^cii^ fisaiQii« fh« 
ti^ pasaramants esAsna fEom ,1 t^o 6«5 t*ifV for 
a,33«f cf^ 2^t> ffpa t ,6 to 6»5 T4aV,fOr 2 ^ for 
.1 to l*Q^sv for ?2!J Pu and from «7 to tJs f*«r 
Sor 242 Pa ?lo variation in th© yloW Ktth enargy 
for any of th@r® isototJos waa found to as(sr«»«o 
tiy aisprojd. K*^ fh(S absolat© yloia for 242Ptt 
t?3S n^aiRir^ for th^ ^ SSxnt timQ, resultlJig ,« value 
of o.oae •j^ SOS diaai?e<5 na^tron pf*r flaaioil. the 
a^wri^ esm^lec of th@ aolaye^ nstitr^ from 233W 
23SRI# 239!\i and 24? 1^ imm ©JJtiiiited to t»o 
sl ightly leas tha» 0.5 n^ for floaionlng iwtitron 
eneaeglcss l»lo%r Im&t^J 
a? 
ivn analysia of v^^ zmw Bi aeponOofiee i s cGrriad 
onit anS roooitft are ^imn of ytelSs ot^ d kinatie 
<ifieic9i<!« of frag?!©iita psptaaat during t«33 and ^239 
mvlt?r&ei fl«iion*m0ine(9 in th* rangr* 0-tft anfl 
OhiO.08 ¥fe!V» S9sp» T^ho neutKon snox^y rasol^ion 
was • 80 Kef^  Far, !^ ??39# th© Vialuo was 0»10* fOr 
233 tJ o 0*102, «!1t© m rtforencQ iralus for 
^^39 «Dro tho f»£©rancQ vsila@0 for U3t33 and 
t5«?p T^ e^r** tho themal fi^nlon v^ues of 2»43 tfid 
? »w38 rssov 'Ri© rether low valaos ar» a^trtbafeod 
pe»3fticular.ly to rcjaiot-rilsation of dtmvgoa tmtvmn 
of tho heavy fragaent^ a in t ip faot naotron naiiferon 
fIsslon pf 539U <(^ ni«J.Fhy8» 50,2dfO©e IS,!^??? 
3iOO-iO. 
Xsotopic ailavin^ Uincori of tb^ a ^lemonts &^Qa9n#038ium 
bsriit** C€riin*noo6i«niur>#ana '^ cmsriisa firora in th© 
fa«fc nautrron flic ion of 233U hovo bc^ ai measuifrafi 
using the naso go::-cJ:rcmetric infethod. Thesd ratios 
ware rjort?Jaliee«5 ^dth rofin^fc to eadi other throng 
if3{]$>ar£c nuolii3o3 and isotope dilution to obtainod f^Q l:^ alativ)@ yield,3 of ieobaric c^ina in tfhfi 
hoavymaoo re^on. By ncinaQliatn?^ the hosw 
mam yield to lOOti tho ^bsoluto fission yioid of 
20 eliaina in tha 130«154 maa" range were dotoEt^ infidi 
:i66.' V3i!J»jPW(;vA) ana n*PAVin^ii<^.ya) riaaistsragiant of 
taean rsm^tmv of U235 and Pu230 f i^ ion noistr^ns «3i%t«d 
pf^tank o<' VAKfiV ne«fe?S3n ca?3turo» fi^toirytay^ Enaztiiag 
V,19#lf 1963y 41-2P, 
fho raKjmirnraeatr® «ere carsritsd out by a fiiroot 
fi^Hod of disfc<»!mination of th© dif fOrcmee l3«twaon 
tho rmh&e of absosts&d oeiitrono caning itm tho 
eotiros an<*l th® rai«54>®r oS flssicgri iigutronc* W 
t ^ i n ^ a<3vantaf|a of tha dlff^ arcsnt, naaeratton 
ionrrth of tha t;i«o neufezon groups* 
98 
id7» mMTtJB*^m in) mm'sv^msmt of lifcs timea ana 
enamies on neutrorj-rlcft nuclei iwofl.ucefi In tho 
fission iar<^ eoa® »r;t%y9« (i?ranas) 33#0^f AOg^ Sopfe.V 
Measuren^nts o^jne ma*?© rsn '««a61atlon8 €mltt€d from 
the fragmisnto %?«?© slew na^aron indtiefi€l fission of 
235TI. Ttio time ais«*rll:i of the rs«W&ti<»3 can b© 
dtevl'*e«3 into two partB, «^  praxw^ one* with a hs^lf 
l i f e Jet ton tltaa ateotit .Ins and a <3alay«d oe», 
stuaiea of pi'v<a;it rays have hsem rr»^ »ait><3 t!mt a 
fow ^rosn efcntetare oxirsfc in tho tima ilistrib* TEh« 
ylol^ of latjrapt ttjotons of half l ives of ufaout 2<^ 
wao st'iaiea as fi^ n::tl©?j o£ tho total Idnetle one i^ 
of tho i?raqfrtianttt» Por neer^ayu-iotrlo fission tho 
yioldl iRTJPoescie with mass, oontrary to tho ctirroa* 
r^x5?in<T yi-jXd ot* Tsronrnt neutrons- Par asyna^rie 
fioniof! ->n thQ other Imnd, the no* of ?dhotonc 
docarcaeos ^ t h increasing total K» of tho fragsiantd* 
— w ^ m III! i » J < W & | i O I W — m i l l III ili i — i h i l * W W n i h J i i i •M<<W1WWWIMW«JMM>WISM» 
169, Bi;,OC!^ lC^ ) ©to." iteaotrdbility of iiue3,e^ fission ^ 
1^7 f 413-1??* .*.*«—. ^  
^«» nuel'ir^r finsion l ene tr^ i l l tv fibr maonie &ixms 
i s calcaiatod no function of eiocitatlon mfsrgfJ 
fho rotsuits Qkbtainod for 734'933^ >#239ll an<3 240 .1^ 
GTG oQm?3arod with the fission of nofemal atoms* 
169* n"»r?TTrw7<r) mi cmi^^Tm U) Ch«3nloal stntaa and 
thersal nmanl inn af the 131 2 &33I and 1^1 foBaad 
by ?35U fifSRion j^ uring thomal n9U r^on irre^iatioa 
o€ uranyl nltrato at roan tcnnoraturG an^ limtid 
nltrogan tPWitarcsfcKm? J^feorti.f^ Tiscl^ aham^ <C*B> » , 
3f Mirch* 197 3 r 713-^97^ 
Xiy maan? of onion ei-c*jan«3Q nothoiS using laraaS solution* 
as oluanfe, tho fitiecles W 10 t awS r^ h a ^ baan 
ssmratcfi* sftar aiasolution of? uranyl nitsote crystals 
irradietoa ifith thormal noiftnon. 
9W 
flueations of *35U in ,th© K»v r«naa>J#titiB8.»lB awtery. 
26,21 Wfe, t97?»f 9t*7. 
rPe la t lw ntatvon to ta l atom saetion of S35II ha^» 
bean neaausata la nautron musr^ ranga batwaen ,10 and 
100 K«fV %ilfch a tltna of f l l j^ t z«aolation of 0,3 ma^. 
Stroncr struoture i» dbnnrmS in the to ta l etf»e» 
aaetion i^hleh ia atlaaat 1^ l i i#i maoltition fiaaion 
ero88«saetion foaaeiixaiaaBt* Thus l i^ieatl i ig ^lat tiia 
la t tar i a at- l a a ^ in part dua t o tha antranea 
fathar than tha flsoion chwinia* A taonte carlo 
simulation of l^a to ta l ezoas aeetion shows that i t s 
stroettire may ha fat ly axolaiqad in tarma of mrm 
saaEmanes waesms^fsis s ta t ia t i e* 
m * RRim(N#s> fiV3ai3»(A»E») fha m0as)]««iiiant of to ta l 
aalaSnad namron yialda aa Amotion of tho anargj^ 
of the nautifon ijaSmim iiMBim* ^ l » n e i , & gngjt 
4t# 3 J ffaffdh* 1973? 311 •^l* 
Total dalayad natitron yie ld irem ?33 9, ?35tl#'239#' 
939fU a>id 2&9 Put hava baan maasurod as a fimetlon of 
the enax^ of the neutron in^ssln^ f ias ion, 
W!gtB'ti!0^ *4ll5!SOlgtCSg| 
! ! • • 11 I I— I " « II I I m r n 
It?,' eORViCP) etc, spin asalgituants of ?35tl nautron ^ 
t^waaanfmo and aatiraate of for J « 9- and 4 
J.t;*»ya»33#8*©# jai;h.Sauit,','lS(T2| ?o (Biropeat) Confarone© 
on imelaar ftiyalea, j^uitraets only. Ai»i-an**T>rice « 
Stance* 26 Jtme* 1 July 197?) 
Since the ground atata of 23Stl haa apin and pairty 
I m 7/2*, th» «*'wava naufcron raaonanees ^idh doiranate 
the alow nantron* indutsed fiaaion of 2^U, eoitreapond 
to letfala of 23611 vith or • > and 4**,' Knowledge of 
thia apdna of a eons l^derablo saP^e of au^ ceaonaneed 
la neGess'^ ry in order t^ gi-wsi an estimate of the .» 
awsraoe fiaaion tddtha for the two spin atatea, 
these ^ inauea can be provide a further ajiperimantal 
dtmdk of the Bohr hyoothesie that the mteleua at the 
aaddle point loooeQds to fiaaion through a mitmr of 
transistion atatei of collective natupi, i t can be 
availift»le for J » 3« levala and 1 to 2 tfhown that 
a iii3d!mi!!i of 2 to 3 c i^aanela itiould be avail^le for 
J » 3» hBmtn and i to 2 ctiannala for J « 4 • Ihe 
ocarres^ndlncr T ihould then be in the sani© rstioj la 
order to aaaicm reoonanee 8pino# the aoithora applied 
to 2350 the lowwicjvii population method which Steady 
wouad Wiry ©ffaetlve for oon*flssile nuclei. 
Vftm Ttmta) ma^woxmk&ntf! of delayed fission notitzon 
spoetra of SSStr^ tsau and 939»u with isroton r^ol l 
proportiartai counters. J#*iael>BRogcyy# ?6,12» Doc, 
19721 5f»5-^ 2. 
The dolayed flaaloa mmton speetra of 235U#238U 
and 339PU ii«-e Baa«urf*d for differaiit tilBio Intanmls 
after fission with oroton recoil tsroportional counters. 
These meamireraonts, the «Tr»ct;ra of the various 
tU«© groups msro determined #14 mv neutron and, for 
935U, also thermal neutron «ere used to induoad 
fiflfiion ^Jtmt» puihlitf^ ed experifi^ntal group epeotra 
ifere available* eonwarlson with these results ware 
made. 
174. KRU&^CH.H.) and isi:,;^ (M.rD mmp^ fission neutron 
energy speetrtjn of 2®tl at Sn • .4 mm Jgllygs. (France) 
33*9-9r iaig,Rept,l©72i 33 p. (European owiferanee on 
nuclear idiyslcsK 
The measure th<5 flsolon neutron encirgv; speetrani of 
235« at mmsfv IneidaRt n«utron aner^y* The weasoreniants 
ware dbtair^ using ntfKiseeond tli!ie«df»fliQ|ht teohnicpie 
with three detectors* 
17SJ nesiory (tun) Vhm speetralt distribution of neutrons 
and neutz^ ruction cross sections in an unrefleeted 
uraniwi ;i!35 ari t lAl asssRbly snd the fission neistron 
spectxum. 
iJ»ei«!sei,^  s, rntrJ 49,lt May* Wfft Sl-.7i» 
l^reviously repeated inconsiteneies between aetivition 
detector and n^p s(^terin9>^ii!ie<«0f«fllSfht(TOF) 
msasursRients of the thsKmal^ 4MRitron«incuded S35V 
fission spactnm prcxqpted a empvaAtem of midh 
measurBnenta in the cor«r osntre and on the siari^os 
of a bars 23Sti assaiii»ly« zefsanred to m9 Oodiva. for 
The present st i:^ TOP metsiuenients and multiple i s i l 
measursRunts of the core and surfaos spectra <f the hWhf 
tXX (lodiva are compared*^  Obeoparison of the integral 
nuxes fixfm spscified anecgies for the two methods showv 
agree^ ment to within W% at esire eentre. Itesults for the 
fission spaetrun are ro^analysed usinei the sama 
evaluated encsEtry e^pendent cross sections as used for 
oodiva study but with a lsip9$ niiober of foil reaotims 
than previounly available, k Honte Carlo error «naly»is 
Code i s used for t»w asalgnmant of errors for th« 
activation results for the Obdive aflNS fission spectnni 
studies. 
Vf&m JTVMESCo.D.) •te int«n!i9diate stxucstax^ in the 
timtt^n indu<!0(! 2350 «w»» i»«eti<m» *tvmm»mm^^l 
8ec» 17 f setstt 157 3f 49S-6 <j«mriC8n rnxsimv society 
IfTf «dfit«r maelting eslifomia ll-*i5 Hsv* 197 3» 
Vhm 235tl fission eeoss teetion «9^bits I^rg« fltiettta* 
tion« in the tsiresolved fwonmem region* %e authar0 
eon9i6me % i^«th«r this phenooiena e&n be .eaeplainad in 
tMBcm of the statistical nuel««r moaftlf mt «h«^«r 
on th« contrary* thosa flucitiiatians npresant 
dcmarturas from it# in loealisad mmmf x^iom* 
«Aare anhaneimsnta of the xaacition w idth oeeur* 
177J APALXW (W) ate. Kinettc anaaeigy of fragments and 
•f»r?Tr baliuaeo in the tiss;ion.of mM by thomal 
neutrons* ^^ ttelear «iys. V. 71»13i l9S5f S46«89 P. 
9tie aistribtrtion of the totai Mnetic energy of 
additional fragnents as a ftinetion of their mi^ a , 
ratio was laaaiaired %fith a gas function ehiPtxHr* 
The aif ferviee between the avan^o Mnetic 
energies in symnetrical fieslor} and the fission 
in i^ iidh the heavy fHagnients i s *niaoie* i s ioui^ 
to be 21 M »^ The fnt%i*iainin«sii ratio for the 
yieljd curve of fragaents in..ej^9n0trieai fission v as 
50011 in these sieasuieniints* 
178J !»ARSc»7(R*w.) and@lf^ mov (H*f>«) l^ielear dhaxge 
distribaticm in mass ^ i n fsf~19^ 3 in thextiail 
fieo^ tron f isaif»i of ^ysp^ J^ «2nerg«& t3uei»Chw 30, 
lOf Oct 1974« 239tWSP« The fractional iiK^pmdefit 
yield of 131^1330 ,^ 133Z anj^  13it in thenaai neutmn 
fission of 23Stl i s refxnrted* 
179*' SPZ^O^V.H.) etc« $]tK!leori«f»K!leoii T matrix , 
faetorication for realistic potentiale* f%ys«i«i^ «' 
B*(t«stherlmd) 37»«3i n {)ec« 1971i 269-71* 
The nudeon^niiQlecm T<«Batrix off enwe^ y lAiell l« 
fectorieed vith respect to maiientusi varid^M for 
taotentiais i«lth a hard cone* The exisecaicms 
derived give a aanentum tvacticail nossibiUty of 
•olviisg nuFTiericaUy the threeHfitxcleQn faddeev 
eguatione* 
MJBWftlnmti), 0233 fission cross seotitm fMaQUBSd 
using a litelear exnosion in sBaoa. ghv»*Rey,V.142; 
3t IS F^. 19661 r/B-^nf '^  
\b% 
A hlah-altltua© mwloar emlosion in 1962 vma v»e6 
as « twutron «a»arco In an «M?3GrlmBntal to R»f»nsar©<3 
t!^ flaalon cross neotlon of tJ233 r«(latlv» to Xf2'3S 
in th© 30 efv to 5 *f*v energy rwglon. Fission data 
wer® toiamatfsred to the grotmd ot^tlon at Konai* 
Th© fliqfht ffsenerliTiftnt path €or tho naotron tlrae-
of-fllqht o3co«rlmant iiaa 19.f» |9n« Tho 0233 fl««lon 
esoda 0 action tmrnxltm inaioatad avvrago valaa abcnit 
205S ^ower in the 2 f^m energy region tfid about 3«W 
40^ hicfhor in tha 30-SOO dV enaegy cagion than th© 
aiTora^ o of pimvioasly obtained valtt©*' 
181,' HiSlscHm (R.T,*y ©tcJ Bf«aet of ahodc on fission 
tr&dk dating of a'^ltudo and Bph<^ ro erystale fwm , 
tho (^ irdhat md Sadan undorgtound nooloar emloaians* 
*r,CteOTtiys.lR©sr ?9* 20 y Jian, 1974» 330-42.' 
?^ patltudo and ongharo eryetala «lron granodiorito 
©snooed to imd^ rtTSOtmd iiaeloar eseploaions wor© 
dat<*d by the fiaoion trade mathod, Tho offiect of 
Sh<xi!k ixrsasure cm the cnasured track densitiea and 
eonsaeruently on fisnion track ages wao sought for 
sables taken from several different ooaitions 
relative to the dMioration point, shoeik has not 
aofciCG l^y altered tredk ecxm angles^ 
182.^  K?mftflYAW, («?,A.) Ifelf^ AnMWguen) and ShsirifOfftK.H) 
Enazpsytic balance for micloan fisn ic^ with heavyions* 
nov%J.ymel,%yg. 15#3i 197? > 43S««43» 
Th© values of tho minfeaar wore awsa^ irod for reactions 
of ii2,3?i#si?09?Aul97 nuclei %iith «eeelerated ions C12,)i6,' 
i^22, and Ar 40,' tising ^T^liihad data on the K and 
mass diatrib of the fission products the total energetic 
balance of the above reaction wac calculated. The 
maasumd mii!tic»r neluer wero consit^nt %rith •ne»gy 
corwervatlon. Th© elaborated mettods of th© enexgy 
balance calculations can be used in calculation of 
miiT^r of HmBion reactions for which thews aro mi 
exoorinrntal dsta* it*© ©net^tlc balaneo of a 
hyoosthoti^ sisantaneous nuclei fisoion i s considered 
for 90. It i s foiflid that the snontmiQOUs fis«i«i 
raecSianiim for 94 nuclei should eonsi<^«bly differ 
froR! the usual 
11)3 
%B^J atmsm (nl ^/te* mchas^, etrtxstiie« ef asete in 
Ii8rti^«» f«»CT^ f:io» prdmbilit^ on the 
inirfa<;@ ©f th© fissioning iirtrtfRii »t aif€«E«»t 
taanttnt of th« th^:^! i^ itbroii i i ision of 93Stl 
«9d dixsntancous flsoion of SS2Cf J ie ,csQi!ipiifc«a 
ifi t!i« point partidltt aTKsrosclaiatiQRt ^tli in 
tite iMsatrSfi thisoryJ i(tts niarlction idtli tlis 
ehannfti Kir^ ao» und nith th« position on tlio ctytfimd 
surtaa» is 9ivi»i« fho reimilta (Sbtatii)^ «fford* 
@ iiaalitativt e^li^ation of tlie an^air distrl^ MH 
tiofi inclining tho tacietonoa of polar aadmuian, 
of the ^ iBttrtica^a wacoiiipanying tha fia^on 
poraoosB* 
mm,M-i OMrmmtn) ©te»' wiMBi&n ifrmsmn^ dh&em ^t tr ib in 
* thesml'^miitton SMmm& fisilon of 7m ^ alia tW3* 
nmlMim^kJ^h i96; tf n&9^^wi7f 40i»ii7 
Pispion frap»nit dliaisio di^rib of Imavf frai^mii^ 
waxo ifi^ @tlgal:®d fe^ firi^pitrit fsaw^ 131 h 140 
in th© react ion ?39 t^ (nth,f) una 23511 Cntli»f) this 
1X33 fiono )33p a corrslatoa €d3s«»rvation of tracsk* and 
fia»ion fra^pttnt trades in me^mat smulsions for 
fiMion frag!mRt« eoTMiratodt vdtli iwspeet to fasst and 
MnatiQ «nip?3r ^ ^eooil imtm i^ joofcrograiti* Tho 
ft'wivsge tmelear dm r^^ fl srs almost iaintiedl for bo^ 
fissioning ntioioi in tJ^ o frapisnt nissa rmgti 
iawstioatod sp@eifi«|iy for both systsos the v l o l ^ . 
of th@ flooibi^ magio SO 132 fmBi s^ n^tar to bo omnosd* 
Both Qbser^tions again suupovt iso bfpothesis ^nt 
im Xow««i38oitatiQfi fission of the aetiviAas the nuoXoar 
stmi^tire of the h^avy frai^ tiai^  play a predbminant 
mXo* 
iSS, WWBB, Cvnu.J i3O0SJir(ti*D) tm iteat,t^'J»2Ki(ii^#) t v i t i i m 
i»^ ntrtiedes^ l ^ l 4 * H ^ ^ ^^^ thaztaal imitrom , 
fission of ?350, mummmv^Cm 6#€f Bac# Wfff t2S2«^« 
into tritium ^iaHdm par fistsion of 236tl ara renortod 
for tha rai^tion 3!3 l^#ii froa tlwraasal enas^ias to 700 
IKufif tn addlti<8i the eorramonSingr unrtiolas 
yMM an mmigf snaotra ara TOtxartod abrnw nautron 
mmt^m. pi 170 R@v» m inor^aso of a factor of 
2«3 to ?*4 ^ tha ^tritium ylaliSs owar i t s tharEOal 
f^silna of Pm&B ^ 0,09 m 10*4 %ritoi»i par fission i s 
dbmBTm^* m sii||ilar diar^a i s tSmmrmH for ^ e 
partioles yialds* 
l l »4 
TA^ *3R0 reactor integral eseseritQont zosults and 
?£gin9>jffl.mea. > sc>o# 171 Swfst, 1073r 449^*(MHJ 
l^lear saeicjty 1573 icintcr noetla? caUfannia* 
il*X5 T3I9V* 1973). 
^ o f&si fldftiroe 7At^ lO ranctcM? a in«ll eoR^et 23Stl 
mtttil imd cumroflocked sy8i:@m» «»» Qsed for xoadfcor 
1^ 13^  ieo moastxe^ moiitai in |9artie»^r«aantRil ^ 
reoctivity an(? Siosion ax^ ratios* ilorooveatt an 
«guiv;tl@iit 0iMhriail modQl of tho z^aetor iias ^ 
earsfolly definatS f(:r nuoloar data teatiiig purposo* 
im^ wwav (A«v.) andl iKadoreywi, <i(|*^) An iAfioxniatioa 
tJKsory earit^ nrion for €W9l.<ia*^ tnfy t^e eftiality of 
teleaeowie iaatr«n|9ntP ?yv» J^ Ogt »*technol.» 39#6> 
«ai0# 19711 331-4, 
©iforRjation thaory erltwria for the crwaWty 
of teleseopl InatruRtents are inflarAKsod, mn^ aa^ e^ral 
binocttlaris and tiunai ey«8 aro eoaluatatf on tl^ 
banlo of thosd criteria, 
W^gJLI? AH«»!l15Agf IflW 
< M » H P — < ! • • — . w — < M W II I iiiHiWw. w i M > i > W 
lOef C3tA5.T:A M tm:avwmn^ in th© iwcdiction of rqaetivity 
and reactloa rat^ radios for u lattice Jm^tml»t!rmm9 
27,11» SOV. 1973, 797-.90, 
EvidlO!ico f^ foni a IsroatS ran^ ct of cloan, bNanc9i iBaxIc 
osporinfisntf; has baon usod to aaaoas the parSozmane® 
of bent a^^aiUbla theoretical Ri!»tho(3 an^ iiff^OQntial 
aata for piedieting intagral thaxmal enactor wtaqsartioa 
amcJh as raactiwity and reaction rate eatioa* It i s 
shown t^ iat -^tm mponnrim th© conaiatoney of ealeulatad 
intogral otrafnatera for 02o, WO am^ grathite 
faodarated, unmitm ^ta ^m tfaaimahlOtt Along t^th 
ctian9«« In modteratora aoittmrin? eroas««aetion» 
?9U vosQnanea data and tha ^ISO fiaai«i anat^ 
aoaetni!!, aema modifiesition of 7%S0 tharmal data 
have taean mado i^teh llaa «lthin tho a3co«ar||iiantal 
imeortelntiaa of diffarential aaaaaiximanta* 
I b S 
IQ9, VGmm iwt\ hm^yeia «f thijdk target reqoiX 
8tii^i«8 of hlj^th^trnvgy nt^lear reaction* |ttya,» 
fhit effect of br<i«i mtloett^f digtrHmtlan tm tlio 
infiefcor-moddl inalyvis of tmirna^ pxojoetoa rmmfm 
msaXotm^m . *^m Hbut® e^rlo toc^irtoo ims vmmS to 
csoiiatnict* li^ bortttmfv v@loeity aistilbiifcions oa 
t!h« liaais of leapttct C fZ> ani l»:^ o^ ct^  (V) voloeity 
atotrllaitio!its Infers'csc! from differential meoil 
@tu<3i@e* A rufiQra velocity rolation for f ietioti 
TiroatKjt© in « waa con^ t^ruetoa ;in£l us© to eartmist 
t3Ki lal3Qr«tonr v®loeiti0fl to emaeais^ pro^ctoa 
190,' scsi?s»tn2 in) ©te» ittoto imltteed ma^esr roaotiofio 
abov» i oefif w Jfetss a£strlbati«Mi in tho S«C0 o©V ^ 
lMrteQ^ jBtrd« lilf2ng"4.natiC€id Hsmion of iiatttXtti u«?mgl« 
wi«5 Ttia^  ^strife In- tJto s Jos ciV bra«i8t«;ail^un^ 
iaifttCQd fisaion of rjetural 11 hao been analysta. 
1!fiO a»a0are<l yiolifs ar« iSba^ m to qorp&spcma to 
at laast 90^ of the dheiis o^i<S@» ffi» rotfiits 
ar® mismm^ vfith other itKoariisi^ iifea. Tho mam 
aistrib aSBV!^ Ii8@ l)3<ii Socosi^ s^od into t«o 
aidtribiatiartOtf ono aysmotric an^ oaa. ©ysEit^ ri* 
FinaiXy the p9a>&*to«^alloy rsitio obtsiiea l« cOHipijrod 
ifith w i r«»syit3 above ICdV i t ie aedueed thet the 
total fission cross s^ocfcion for ?39 U deeseanee 
Tiairing and i t s a^^lieatioTt^ to th© swieioEi resioii 
Peom^inm of ifit«rnatio!sal cosif«»iie» oo tiijmm 
<tiyi, l«al.l OMEiaany* ^ Ai«?«l ©^fJt# 1973» 
A t^o-flocloi ^tell fao^l i s pEro5»»isa in oirier to 
calculate the intersectiorj emaegy of tb® fre5p»«k» 
clote to <!®cli otbor* Th« romilt for tbe •yimietrie 
fission vrome^ 7m3 119 f« • tin m ere glvm* 
«• A 9enirc« of itmstrons f6r the eoraibiistlon of 
nticl•fusion^' i4»lr Jhrntaxy* 1974f It4«ld* 
Itttt f¥liieipl«s of opntation of m noelMir hytsrid 
ntiel«ir r«let«^• « syst«m bi««d on tho 0lmttlt«fiaou» 
oocfumrenos of Jbi%€^ ni9|)sd^ M/t ttivcnianttcAoftr snd 
imetoar fisslan r«aetioi»«ttr9 diseuasod* i t i s alioim 
f^ uKfc the fattHrimvion Mafdeoit i s of • roasoiuiblo 
siffo snd. tho ^daoas does tiot h«vo to niMt audi 
rsgiom reciiiirwABntd as in tho ease of a thsmio*' 
fitiQloar rector* 
193« eti^xiio* CJr»B«^  and BAC!ffj^ qirt«<R.) i^eooil 
mopsrtios of rare earth aiiolidea proditeed by tho 
inteswstidri t>% 9d-Oo/^  ivotona «lth U wid gold 
ftw».i»v>,- 6,4r oet* iWfi I3«2«7i; 
l!he thi^ ^^arget^ ^ i^idteoM i^tGher teehnicriio Mum 
to df^erniine the rsooiX prooortios of nmm ra£« oarth 
imoildes pcoduof^  by the intcsraetion of 119 CfeiV praton 
idtth ti an^  Ctoid* Hcti^  RKXQflRta daritfed froRS thiJi ai^ 
othar eieparliaenta are diaoiiased in tense of fiaaioii 
and aisaUation like isxocess^* 
I94i nmmismB W and Bfsmtm^tn m wmsmA $|tiffn»a»» 
partfietei^ Cr at eeisaiw). i%ya«liett«B^2B#4*^dOet 1974 
The flfa^ Qant dafozmation at aeoasien and atiffheaa 
IwraiiiBtere pr are ealeuiated for the flaaion of 23611 and 
SS^ Cf The im^ulta i(hoi» that in both oonnpoand nmdoi the 
atna^ility againtit axial asysmetrie deioKmation ia ... 
datenained by firagmenta #ioll offeeta in the ^^ vaiiMn*^  
3i9S. mmBm{Q) t9io^ii»laeed eiaeioar ^ceaotions above % om 
li I25ci»rlraental. fJUcjX.WiystA. X97Ai Ooe, t«72f 44«*70, 
«iil yields qf the reartiona 19C Jr,ttJ^*C,^Al<r, ) ^ 
na* 'Tim ,2pi)24 Ha* 1271 ( ,yiJiseil and im ftuCr*^) 
have been laeaaared in the energy range 1-7 om^  by the 
aetivation aethod vitlKHit dieosiesal separation. The 
U7 
yi«ldstfia the TM vatios In the oaLotofiiiaian of Jto «nd Pb iMve iMsn moavure'^  ^ gl«g8>«?}lattt d«t«etor«» 
f%«!i the yittldB ^ 9 caro98 seetion* hftv« tmmn deduc*®",' 
Tiurth^ jr* the jsun distribution fsrani 233 tfiotoflssioR 
wan tasamireA* R^MI K«8iilt» f i% woll to oarii'^r loeasiiTQBi* 
erttt bolow t cag^ * Th« unslvsia and divettsslon of th« 
spallflftion and fiflsiaa fogaits «r« 9 i v ^ Ifi 9 sttri«9 
of oon9«etitiv« miTors* 
:196« cjM o^eiAGAfF) «te« ntotofifuion jOf u tfid *ni fai^waon 
WG and 1000 fWV. igtt^ ttar %sniy^  V,?3,l| 1965i 39S-i^ i> 
tioadcsd naolear flRnilaions hav@ tsAon •xiaotfod to th« 
hrvssttnh itmg bwpii of th« f»»«eati I OtPf miwstrm 
Bvwitveotmn to meftsuro nuturai tarvniusi «nd therium 
fission eiro9€«*8(sf3titm in ths mmtfy vangw 9000»100QNsV 
fhe «nKi98«8e<sti<3ns *9ar liiotQii* «98 oonstant vithia 
ths sxpqrlpwwtsl «rrors* a nd araoont to 6T 4 7 an^ 
3y • 4 offi»# for U and Tli, tmmetivt^t^ 
Wfi w^ssmi^ft aitor Ri^ lhtttiEixg^  ishotofission of gold and 
!9tiieiJ*?h^ 7A« 197? it Oeo# 19721 I63»76j 
Brslnsstirahliing Indtieed ishotofisalon of 197 mi^nd 
I'pm has bciftn (asasurod for aaorgios B , max • OS to 
2«? OSV uainor oatOhar foil todmlfitiosw 1!ti« nia«i 
distributions of ths fission fragosnts of tir»iiam wors 
asasumd as a Amotion of ths aiaxlimn bransstraSilunof 
mmroyj rtm psatk-ito-^ vfellay mnA forward badogrod 
ratios hmv boon dstorminod for 233UJ 
•'» - ' " 
198* fQRD« «i*H« Ths tosting of %W0 niiaton psodiaetion dat« 
from mm/B a«t«rials 19/ 70S and 4107* 
ftmns. mJmaX^aas^ tft smikli t973r 54M*^ 
llK :^on i9Koduc3tion data trtm thnse sots of «38 H ,*^^ 
mmm data, HMP* 59»d and ymt,h afiS 4187, and t,^^* 
liars tasted bjr tising ths data to oaletHato tmmtuSagy 
gwraa*gay pulftM^i^ siiaotra.tsclRPi0) thgt ooiild bo 
mmenA vith niBasurad spsetra* 
199,^ ' HMH^ t tf* e^perlBMntaX rssults cm the d^nmie ^ 
folarisation in a solid by variation of temparattsre* 
^^atiirfOrsdh,- A 282A Ir Jkn^ 1973f t9*104J 
11^ 8 
A d«9eri|>tlon of tho aryrMnnitus ear B nt» 6ytamitS( 
poiaritsatloa offset hf vari«tie»n of tmspsTtAxxm* 
mtiA th* •eperiattital e«8Ult« ^tmirmSi, we« l»e9«Bfe«av 
A tonm 3ms proAioes « n^ny la£igp» mrhrnKmrna^ of thtt 
tfii3ki«r signal In solid r-p|eolsiis Ais to the diislosr 
cottT l^itigs bst%ieon the ngotens of tlie eH9» grmm sn^ 
ths modes of < ^ Qf3Hrotstgr^yith t!i« erystsi Tshaiioag, 
A siBidff I^N^ nQnQfiolo9io&l oiodsl fosr f^e intefpTOti^ 
tioR Of the escfierliMHiitAl dit« i s iimxidttesa*' f€«}i 
i s tlis expsiriiQSiital enrors toceuosnt tistiMeii nodsl 
end data i s dbtained. f!rQRi the shatse of the msasursd 
HOlarisatioii etttvss a dipSjoar nolarisatlon time ?a 
and the ditsa^r relajsatioii time IM are datesmiriad* 
Vor th© maxima of the polarisation at dif fev^i^ toop* 
uUPRis a iSQfvit £|6ifp@nneiic omy on tn® temMvatuiv 
i s eonstnietil^f iMdi together with Tp md fd 
diarsctsrise* oonnsletely the dynamio polarisatloii 
hehai'loitr 
300, wm* AJU and mmmmi .:r.-T«* shototission of 33Hh« 
33mr and 2^v nsa^ ^ threshold using a visriablo ensiw 
heaBi Of j^aRriHP83fS» 
^lotofisoion csrass sections of 232^«338U and 2 ^ 
b^tneen S and 8w3 I4av have bean siaasitrsd vith 1*0 and 
1*7 mghcnrS targets of jthoaritett iMrt:tiral oewium and 
enridhed uraniwi fS3S9* 4$ isid 899&) ooi^sd on ^«ills 
of .(n^lindrioal ion ehs«lbsi»8« ?he bo«i of indldeat 
««adition of v ^ i i ^ e anerg^ ^ has a sprsad of 4 to S%« 
Promtuneed psaScs am obKorv^ M 23t 9h at 6J4 VlslVa $50 Kev wide tfid in ZSSQ at t,^ fwv, 2oo Kgv wide*^  
no well defined p^ aScs are idbserved in the 2Wi 
liietofisslan aross«>seetion« ^lotofissign t rancaission 
^Mstoro of fit fh and 2339 are derive* 
2«.' «aPRA# ©.y* iaj!ii«Kfifi, a i « and ^5M3S^9!^ RC?,>J 
mtefniadiato structure In the rtifttoneistron snd 
ItMSt^lsolpn cross {HKrtion J^ I 23911 and 233^1* 
mesaL^mmJk: h 186; n na^ r* 1972; iioi»26j 
the (r^f > and (r^lfi) oross i^cstion in 2389 and 232lti 
and .the ratio liars msssisred with oenoerevaogtie 
«»ravB« of eneE9i«s from S*43 to 9*0 MsfV* The 
o«Ri9stAtion bstneen the tiio fttoeessos ani ths 
ininlieation of the oross-iGection bshavlour aro disoossed* 
I D U 
x»^ 2!l« V«A. itelntiiiQ yiieX^a of wtfKHi l^ tot^ ppss In 
nvXatiiw 910249 of the Isotopoo ?G« 131, %» 132* 
%• 134 atia Xt 134 «r» imasiirei^  fior the tthoto* 
fission of ti23^ «ijS «t the faeselmal. BEorMm^ raltiUiiigi 
emo^les of IS end 3S mv h hic^ly eoneitive mtes* 
wmottcnater wao used, The flne^etmcture Tsea^  
of the fgegaisnt ^^eid ear«9 io ^9telali«!hed to bo 
» h m 134 for both the eneztglo** ^^^ results of 
the iQeesupecBents m^pe ooRifsezedi with the exixKriiUMitiMk 
date by other eistl^re abtelned for st^ onteiieoiM 
fisdioR of the seine fsideiie* 
tm* mucmr^tst it\ end »^m« r»B« fhe esetarael fiimion 
potent ii^ enex^ msttaco of ?40^ an3 the mass 
aistrib*; t^ roe^ odincrs of thQ.^^aniai^ionel eonfer^iee 
on f!kie^»itiys, ^1*1 Ottsamy, 27 m9mt a&sf^i lfi73» 
oturtin? frcis «n er^r^ density fitneti^sal for a 
Visriable d^t^ity digtribuelon dmrivod by BpMdkf^ v 
et e l (19€^) ficooi m e3Sl«iiolea ^Kjrsioii of the 
Bxt:^ Stn«nr# ilirtree-»9odk Theory of rsxelsar metter^ 
the eufthors hxm ealodated th® potentiel eaer^ , 
0tsrfee»» bet^ Msen the t^o dseaylmi tmagsmrttB of 240^* 
N^}4« stTinnii^  CD) itass distribiitiaii of fi^ion^ products 
4f Osc, 1973# 4S5-73* 
The msao yield distrib of fiotsicn ueodiicts i»llotiing 
T4io t^0fi!i8ii^  of 2389 tisingr bremsstrvhliaig eoer^ies of 
?4#S4 end 2& Btaf^ v were Aeaottred vy radiocttoniicaiilly 
isolatiirf the fieaion psodncto belonc l^ng to 24 taass 
cheitis* The idiwolute ecstivities of these noolide 
t$ere ds^ oreBined by and oountin^ tectmlQitoo 
m^ t^e eti{uletii» fission yieids msr& ealeolatod 
!!i^latii»i to 140 Ite The Dede-»tp '^VSillty eatio s^ts 
1!wm& to be mttaetlve eonstant, ^iia# the tt^ttrai8r> 
?#iatonNaenercf^ iRdii3iag fission i s ss^Mtially . 
equal for al l three energlM studied in this vaifkj 
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liwstoiwitron rmtemp^ in the-gaint^ dlnol^ , 
%tWi If .Tim 8# 1^3f 45-44. 
<r#f) of fWn%, f%m «rja 331? ^  %mm tsimmxm& 
vmim » moim^tmmkie r^bmtfin h&m in Vim tiaiit 
^rmmmm rwgtoii, A new <!l«t« mmlr&^m t«*cli«iti®a 
Has boon aiss^ll.^  so us to smlse a Mx<*e^ ««ptr3t# 
»fia s^latndmio ©valuation of tfm aijowa.eitis®* 
s«!K3tioft tioeslfeJ,«* *l1weehol<9s# t^miimtm eitm»»» Question iB&ltias, tor€»t« liim laairanstar intrinsic {ffia^ n^ifxiie taoiiieiits m^ if^«^at@d Qr«^ »<*9ootiots 
afo ® l^wiit@a, A «t590i»l study of tlio eotifjotitioii 
T ^ batwoafi th© iissifm .ana noati«m oscit 
ctmnneie i« «l^» iw@ii@fit9($, finally a aatarrnination 
and llM *mi>»statsiti<!«l* noQtxtm oontribution and 
an aivaltiati^ oji of tlio tiuwloar tisaiieifatur© of 2 3 ^ 0m 
tml tmmm^mki'^^h} Anisotrocy in af^ <Aar diatribiition 
of fraiPientB of tstiotofienion at hl#i #n«pgl©9» 
a 
^a.Fis!«16,Sf I©72rtll-»1S Hi IHissioti. , 
Engljish tf^anslation in tsov»j,mK3l»3iy«,ClfeiC»ii«iat 
f^ a^ psont an^lar distrits^lons of tl 238 Si209#AnS®7 
and 181 fission l)a^ n» h&m tm^.tmt(s^ tdLth iaioaiat<3eto@@ 
iter th® mmsw T&m® n mwt €w&m &QQ to Sioo Waftf. 
St i s #io^ »t# that f^cfaont af^ rttlar aiatrlbiitions of 
!I?3S .fintlon are iaotrc?!^ adtliin M0 ^lillo in tfeo oaao 
of B»309«iMil9? 9m& ItBim, mtoloi an ai^ trQD>^ of aSbotit 
t(Mtm is t&m&n^ %A^ prlRterv eniisatim ^ arapaenta 
in thc^  fllmtoii b€ !^i diUri0«5t4<»i» 
267» €3iisab3^ *t, j.B. ani <si,^»o» iJiila'ipdi nai^ -.tami ^tta for^ 
fast s?gKiC5t«r.^ !ialyttis, m»l,.:;^I& iSf»> S0,3i H^relt* 
I l l 
fha €i®%«ys€ rmstron wmewtmv ^fieay euzvKS whtcti .^  
reini|,t tmm @ t9iil,»« of^fiasiQ^ of, the ii»»topo9 2330» 
^35lf« a%tl«232fttJI3§^«t409a«241#^ muS Mtm axm 
C3(»tisi«i'^ ifely f i t , yo a sintl© sot of s i x ijotopsa 
ittgpgaaenfe l^eeay esnotmifcs* Tho nei^y fAltod i3ata 
ax^ t o s t ^ hf tho analipi* of • tyi»icaX f irdt xoaeftor 
trttf«ii«ni:«' His «nilyEJi« e^tofm that th® ut i i i s lng 
of & m^ dtet« in txmmrimm to tlio u^e of origiiaX 
data i«siaits in an innignif iei^tiy mtiaXX ol#viatiofi« 
ii^iiie p©rmittifi9 a eofwia«r^l« re<S»«5tioit of Mm: 
oalculatioii efl^irt* ilia new tadiniqiia dmf€i.op&&/^0 
fitfcin^a i s ahonti to. pspttw&t^ iwioortant iiitocrxiti 
fmJ Wtim, f!l«^) ^c» ^itmie>n nrodue^ rate m^mxemsmaf 
att<s yielSa. T»wi»« ia!i«Kaci«soe»i?» eoiife«t973iSl3 
fim mv0^ov& e^liiato th® fo i l teehni^isa for itoa»ixlii9 
fi@@ion rates of 935tJ# 2^0 and 1^3© Pa, by uariozinif!? 
measuiamcmts la iwtttrcxi wivi£oamatita fs^m) in t^eSi 
fiaston c^asfcore anfi ,«iolid state tm.dk meem^mtQiSP^tn^ 
tQay aI@o bo iitiiiss@d« 
a09. <3«ltr«, C^,A>, mSJSIf,(^nt55 a t ^ POI»EKfS,^,) . . 
ftsailiieegientis ^f a^aolnfto .fiaMo?i rates* 1'ratio»'mi«^liel, 
soe» 17f saipt, lf73t Sl6»l?. 
^ o antiios® w©««it f^eait^ for absolnto fiaeioti 
firagpaitt ^nission nit«!@ fsom 239!%i«z%tl«233t7 ^lA 
2371^ 03Ci9»iaa to tlio fa9t«ii«iii:ron ttmssm of ^ o 
©3iftral ufjoetme of tit© egmp factor at mcj 
mn'CSfGm 
I S10« AP%Al8t^ Q «^ o •!?• Is wtelear. fi8?t|.0!^ an_aoe®«|tifel© 
igaaas of iiroducgirt anarwyt gj 
Sapti* if73r 4tCW|l (^aryic^ 
^tH^or Il»itin9# Califomiai 
^ o autlior diaeussea tho anviroffnorital haaards a ^ 
Soeio-»®eon«srale faetora ai^oetateS I^feh mudloar 
reactor powar pEOdi^ stiofi «mm tlio 335lf/239IPa Ol^lo* 
ilsaion raiio in Sear© newer fBactcars* ar«Bg.r»«sl.> 
yisflioa rsto ratios ?if 539ti rQSati"«» to 2 3 ^ 
hsvm baea raeamired in th® t»il of fimiddn r ^q to r 
Cemsam' by aet^cjtlng ^le fi^lcm isrsx^ct • 
aetlvtty tJfwa irradiat<»a w foils* ft t«aa aeeosoary 
to «tilla« a tlffi®-d@p@»3^ t eallbimtiofi ^ e t o r 
t o rmljSkto t*ie -aetivlty ratio to th© tim# fission 
ratio* rbm t^tinleme Has hoen asod by ot ! i^ 
labor*!tor 1®8 for m0?,fmi«?wnts in fant r®a«5torQ an^ 
9o tho n^t^ron ai3r»et!f«« aeipeni9c*w2f> of nar^ret^rs* 
aftic^  as th® ti|rK*-«^ iaaii«Sont calibration factor bas 
212* PUKK^ SMCs) o t i . Kinetic mmgy rtslmm to foaetor 
n&v^u^n inBmaa Hmitm igS 'f'S^ rh^jf.^tnpefs^m^mae 
Chara«31^ 5? It6tj i^ t7-»24« 
Rangeii of olovon flssi<m products Toro^ hiee* in, tb« 
reactor nsiitron fission of thorla?fi»232 wago dotermiao^ 
rafiiocSteml^Uy vmirm tho thlclc«fci^ g@t-*Hlc1c catclWHr 
to€lhni(7tjo« ffluetic «mQrqfi@3 of tb© fission fi^^pi»nt» 
Witm csleuiataa from th© ranges and t!«i kin«tle 
onergy <3€vficit in tlm syrafi^tric f i o s ^ i ragion %m^ 
ms^ismt^ to bo 28,5 ?%V 
m » i i » i I ml I i i ^ — — » l — 1 — M — « 
913^ euiI*EII,'<©,e*> an^ HI53QI^TVCI3,F) Caictilaticm of i^ e»* 
ois.^ ieo self j ^ i o l d i ^ te 239 Pa ^nd 23SII* |^ Fa|a8«iaii* 
l^t.>.^c» f7f P/e|3(k. 19731 490-1." 
5b© author© esssmlna' eolf ehioWiri^ ©ffteta Iji ^m 
fission of 239PU and 2 ^ after trQrtartii@aijOn of noutrons 
t h r o t ^ olatea of th«s© melteatl&%®^ 
2l4.» em^p^mtt{^0 oto Hap^rimontal roauits oorwomln^f 
loa?i»raB^ l i ^ t partiel®® a.!*5 fragaonta in tb® 
toim^ry fit5»lon of 233t?;235V*23©mi aM 852<», , 
tfao^yeeiraante A II hSm 2*3? 10 oet,|§t2? 7I3*24« 
In vrmsmm rsat5®r tb© yiolt^s an<3 onargy aoeetra of 6II& 
oartielea from tb© t^ oiPRnl flseion of 235!l«2^ and 
239 Pu are raiiartod*^ Bata ean«^ming 311 aiaiaalmi in 
th© 2^ 511 fiisfAmi &ff givm too* 
?33tt fi!^,£on f»x|kKt»i^  swetrura froes .9 ^o Ip W v^» 
HtlDi* ^ci# & etig« S2« 3f f9lov« l@73f 40S*12, 
iTie 233 tl €i0dion rwotron ap^etnifa had been 
nwsmired by pained besam t lm-off ftlcfhtly-
t9dhniirfm tnm #fJ to lo mv AbQiw 2?*sv, tho 
«l»i:n ^mt9 fcxtnd^ within s ta t ics* to be 
ai9ec;aat.ttl7 z«ar«««nted b^ «ither tho miaSml In t lw 
3r>p/«vxiT f i l e or a beat f i t rtexweUliio d l s t r l b 
%d,th m^eriy the aasaa mwtm* mmapgym At lower Qni&YPf, tfh& data aiapaaf^ t o iCellOtf T^ s^ s^ /fe 
ZQPreaantaticM) SCXD^  vhat mor^ closely. E^ho € l t 
of 13 ifdxi«ellla diatribatioii t o the 233 tl data.. 
ylel^tea mnMvmem^ tmi^ototgtWKi parameter <f 1«3 
4* o»m «^ !Rf« %4i«ra the enror inelado bol^ e t a t l e t l e a l 
^ eyat^Rsatlc liaoertalfitifta* A 0iji)llar f i t of data 
t^^n for a 23Si tl e a ^ l e yielded a teraaperatttro 
tampwter of 1.31 •»• •03 SeV how@v@r« the b « ^ 
estimated dlffereoSe lo terao Is 16 * $ KiaiV»' 
^16.' WISHIHAI^ A (H) a!|S OHWi CM) Slnsilation of iatfto-
r^H-or STieetra* MmHeatl-rsB t o ealcj^atlona of 
react ivi ty effects and of fjmian t** (n#2ii)<* 
r<airtloj^ jfatlos in fa^at rosxAprn^ J.'^ucl* sel« <« 
^echnolo. I0,*ff 1^3ii 4102*10. 
fb slHRtlate fast'-iijciactar ati«?«5tra, a el'mAe ^ a o o 
ftanetlon f <Uir ttm, ) with cpoctral pararaotcra 
UNi and B Has been ^'jrlwad by esifsanding the groca 
#jaTie of t ^ soeetrum iisto a earieo of fleanklte 
ftmetlon * The lawririetere are det emlned by the 
moffWRt mothod^ ft lo aho^ Ri thrcjiii »orr»e wimole 
lartsbletm that the ^uipe ^uttiotlen i@ apf>llee33le 
t o both Core anS bliulScet* 
f l 7 , iw^motjs iR^w.) and SHARM^  (H,o.) ^ nljmlQ fsathod 
for the detc^rmlna^lon of lndeoe!|dent ylolde In 
fl<3sion ^ « i a m (Li) detcjctor* P-dlodheaJr. , 
RadicoQlt, Lalt> , IB, 4mB$ sovv 207 i ^ 3 i 3 ^ M 5 « 
A jaothod for detarmii^t^c^ of Ifsfependent ylold 
in fl5?slan la oi^llned. A hich rosolotloo Oti } 
ebi -3c*or la nim^ for r«%oordlng r-«ay sooetra of 
di^mleally oaoaitated olsrasaite fron flnslorn 
prorltjcts mlxtttre* *Iho lodossandent yields BUG 
e^lua ted such that 3>*ray in t^r td ty data of 
fuclldes, tho offlelenQy of the aefe«ietor and ooaaetfy 
f aetovs are not noodod* 
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iiesion '^^tvfft»lm^mt&0. 3Km, S7 196© f 322-4* 
^fm mrmtgf sufsetra and th© ri^atl*w» lfit«fKiiti€»© 
of SH« 3H« 4H8* Sfitt 1t*l«@!ji#13irJ.« 9 ^ mnA %€fiim 
frsra 1^ 33 tr mmtrmi tim&imx hmv9 h»m tm^mir&d %«i«i 
a nui9s ,8^9ctr<iiiet«)r ffl^asorlti? time of. fHigUtt aitd 
©fisitry. •^o tiRioer limits of th® fleXiSs of 3'fe#tl*t 
an^ 7Be hi^mt ham dsit^srmimi^ tha Ti&ids proved to 
1)9 3Loif as ooF^ NureN) tq th® If^mraitiss e>f th@ oth^r 
IMitifleS ?%rti0l@{»» 
%53fsopi«liiir7s c^P tH@ International coni^ ^^ ^^ ofiea ^ mwlear 
Ifiyslcs, "VSal.l Oeniiinyt t'T ntrr-tn^rt, 1973,716 P* 
m^€!P^  spaetra Urst! yleias of th« llfj^t nssel^i irtth 
«^?«? 1585)61153©'^  in fietitifoa J^ atSLtJd Mission of ? 37ll#235V, 
I^IS^a, 94'?® |}iiv» batn t^csraU t^toa tsjr lislnf faa^footie 
niaa?3-«»s©«trorptsr with en©i?gy^  tar^ ©f fliflltt a«a 
tfiaartjswi^ti!, fh?i mass a ^ chaiig© rwfiolution ef tlio 
s^ we^ .wo'Twtfsr i»ras safficlant i^ csr un l30topi<3 mulfsii! 
•*f the t»rtiel©9 «ith t IS. aairrlaieats war© 
•^rfoirfte^ tMlag a reactor uoutrovt f^ws of loHnaotswi/ 
9«c C3»2 atyS tai'Sttt thielmsssQs of *1 to S Bi3gAsa2 
!boJ fSTEm,«i?in,(nj**>©to Haaotion of tf %yltli 9«3?^ /^;iiK3l«ofi 
oofioftr ions* i5i!oee*dinQpi of ihtorrBitAoiial ooaf»r@nee 
on mwl&mT ^yslcs,. itel, 1 ^tini«^# Osxiiati?* 2f Aug-
i ^mit* 1913 S54!>» 
15 Ji fhijsk n £dil was in-aaiat:©« tilth lO* caofsar ioas 
t#S f4isV/siuel®eji for a i?€ri©<3 of ?7 haai»« iv e4aR!pljSic 
<f^ e:>tJoal seourjitlcm wao peirftar^ ao*? on tho ta»gefe 
r@sultin^ in six oottztses ^ 1 of #)ieh a^r^ * « » « « ^ ieir 
fSisontaneoaQ -fissioa 0<?fcii4tv» ©na In i^^itioR# aliiia* 
and t*^iMotTaa «iBr@ t#»ii«' 
in(|aised }vf 13,3 fte'^  iK:oiona en ?^l?h-"?^ tl afifl ndtmiil 
'^ "^ ic Cml&m^ gssn a^ rayJ ©witt-c6 by fission vaeo^idtm^ 
^ 1 * half liv«f«i fa^ om wiiKitec to tens of t^ 0^ £r@/ la 
115 
nptxrmtiseopf'^ommct 
7n. asmumpsmth} «te, DQl«y«d ray* itm tlwion 
inaucod by 13*3 nmf iiret<in<3ii 232Th#235U ana 
tiKtiimi uraniuat li«v«iRoiin*ltiys* I9#6f i974»629-»4i9* 
c^tMi d«layBid r»v* emitted by fission |»t^ets#^ idtb 
lMlf*li^ '*^« fvm mifiiit4Mi to tttfw of hoiira* in e^ofeofi 
indt^ se^ * fission on 232 7h S^3S tl snd natonil u^ium 
havo bssn st\:^«d using 9««(I<i) siisetivrasftey ,%3r-Ci»s 
boloncring to 17 imitroni^ <!hsins hiKvm bssn xdontifinl^ 
fxwi th<^  r stsaetrs oorx s^ponding to tbo thrss fission 
al>lo t&rgets inradisfcoa and fSiasiirod in idantioai 
oofiditson 12 r iiiws havo bs«n soloetod and their 
rotative intsnsitles oomparsd. rm^ixm .the tsreposal 
vidaiutlon of a oaetain sncx:ifiod w^vaif* i ts nmX . 
intonsity laay bo laox^  or loss dii^rtod by othiir x>»rayo 
%iitli eloso enevffios^ but difforant halMivas^ 3ki 
ox^r to o s t i ^ i ^ tbo appoeopriato inonMKit of laaasiirsiiisnt 
i*o« tho tiiao intomal Whan the eontiminatin? 
oontribnt^oR SB lainlimni* a msthod of optimisation i s 
o^tiinsd* 
223* msmm M ams^'mm W and momm i J) vrmi^ 
nsilbron and vmvtef y i ^ ^ in fi8«don Itfdaced in 2391^ 
and 23S V by rssonanos netstronst oxistonco of tho (n#rf) i^iaetion. i^eoeoadini^ §f tho Xntomatl^ml 
Oexiforefnes on mile. ttiys*ve»I«t dasnany 27 $ug*t Sopt 
lfi73r im V A iBsasiixwiant of tho mmn RuniMrs of 
piioRipt nautronsii and of We tho maan total proi^ 
r^niy mmxgf tiss rseantly boon earrio<9 out at Saolay 
for the fission of 2 WIO i ^ 239 1^ InAieed by SWIMIIMI 
rasQoanoe snarly nautron* ^ ^ Saolay 60 mv oiotreofi 
linaar aeeolarator «as nsad a piXsod nmitren sotstfoa*-
A fmiltii^to imi'ssatitm chaNbor lais Used in eonjonotioR 
witSi a 2S0 1 ad»loadod seiatiXiation dotaetor* ftio 
Prompt oeintiUator noises vara issad to nwiastira ISr* 
mm 
^ ttnqwiBayii flKiScal (jdl union oonforone« on 
tnieto . ^ s M ; XXt,Ki«vS9SR, 28 May • i auna 1973.' 
xbsioliit^ o eitmilativa ylold for 17 fission fngnent of 
14,4 Mav nautron Induf^ d fission^iOf IWI3B nana datarminod 
tislngr a Osli g«Ma spaetroontav i ^ • thicdc V target 
«it!«Qiiit any diwnioal miptSat^iaa or applying coeoil of foot* 
11« 
*£lm vmmsHtB are cmmrmA %iith oth«r OiS«i and 
mdloehomtraal dftt«» ?li« wseisiiiiejr of tlio yiiKt 
^•toeminiition dQT3«ina« m»iaiy on th« knowl^® <if QtfURa Int(iii8iti9« vim^ in thtt e«l0tilati«Mf}» 
fS!«^ a^K(!^  frora th© fission <if 0238 by nsutroti with a 
rmkctar apsetra nsitrot^na^ .i^ ls^ dLkft (j^l Iftilon 
GonfissMiiee ISKifcron i%i^ «) Pfe, ttt KitfV«tl3im# 20 ffeytai 
fhQ tjFoajdbillty of fortration of marlmis isaeoQiKsti la 
1J2^ ffi8a4on by r!ftY^ roi} in the Ifwwaooo r@ael»»r Is 
^kkQtmixn^m Th« messisrenisf^  of opoetrs for fission 
Iffodtaet fe-eps cairio^ at vmim a Cfettl) cit)fietif<imst«r« 
idlMioliats 7l«16e of t!238 fission wo&\tstm vmm ean-lisd 
«t caleolatod by tho v4«i«3« valuas i f eoxt^sponding 
t3W«5!intg in tlie prcicoss of fiasiOBlagt of ll?35, t>y 
thexemi miaitrtgi in tho c«iie raaetionf the no* of fission 
in th«r fi$eml^ t^ as Gvpluatea aopooSing to tho int«inaity 
of th© sanation of th«? fragsisffit* 
asfti ^^PS(D> and scHORi^ Sfr Cv) «a<Sio Chm ft ladioosiJ l^ stti? 
tS,3f Oet 30, 1973* 167-*S/ 
fho msthods to laoasur© fth« rwap^ ettra of fIftsicm pra^ UKSts 
sx^ Isrlof XY rovi.(m36 and th« ti^ thrjds of esleoi^tlon of 
of their authors on f^issior^ pa?odu«2t9 rmo&oie^d by «i» 
fisfsiori of 2SO ^ith thoraisi nsufcetins* Af^ ar iN t^st a 
fiw days of (9@ y^ htgh«»anepgqtie ootiipemonts a!)paar in 
the snostra of f^ fission products* \hi<Si ham not hem 
re^ iortQa so far* M most of tho easos tho oi»sctra of 
the 6it€mremt tyoo of fission diffor froei sadh othor in 
los f^or osttant that tho spoet;^ of tho ssao tyta* of fission fe&vKwtmS by f^^ rioiis aiuthors* 
Ma 
mnfmmiti) set itsitronnaysi fhsiSxm^ihXl mim Cbnfeiwioe 
<» l^ !tifcron mf»^ ^* 7TI Ki«v tBS»»2d Hayi ASM 1^3 
HeasttiwwRita have baon aada of f isaion #nar9y si^otra 
intJKrad by fast naotron on 2 ^tl and 33& lU liAm a eyatam 
of «aisr dataotars, Tha tadmixiiia of tlma ^f fiiglit and 
polsa ihapi discrimination mm uaad* Tho dataotors 
offieian«3y la waaaorad jiiith rospDct to a ealHirata 
aamiitiva long eountar* fhK «hapo of tha flast on nautron 
•naetra a« wall rapnsaaafcad« in tho w&agm 0«7<«S Hanr b^ 
tlia Maieiiallian distribution liith a tamper^ k^tira <if 
iVSo mv tor 23511 and Utf Wov fter 239 m j 
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A Bpoetrofirter for o to 20 ?^ iV tieiitsoti i s nmSm «ltli 
tiMi ttid of vimtal mli& a0toetoi«« <!tui f< l^oififS|y 
v^rndtim are i]«€>a Ct) Fission xt^actioti on iiatuix^i 
oniS aoric^ted tiranitis with saA withoat eadsHtn* 
nenafcriw) ati5 tliorioa targa^a *cpr o j o to WKV n<tttgeti 
. i i i) CR^) t^B.dtisn OR tMnrySJtlxtiSi^  cuftioii i ^ OKycjwn 
t a x ^ t s for 3 to 20 K@fvr dotiferon, 
^^» ;)|IOSie (K) Xnittsiri^ione of the mm^ivs ssiomfr vitli 
fissil® ol«fi«ite« %oQie9diiif» of th^ ifttffl^natiCRial. 
oi^ fi^ 3r«itte« on KlKJlFyo ^ l » i Owawtfiy^  27 AK39»t s«pt« 
I97S-409 S». 
F^ho iCxvaoT •PMitra of the mutaie tn8«iti<8i in Pt> «ad 
2 ^ V hav^ bs«o mottimrttd i» cxaotXy ^ w ««»• mam^riA 
aemditioB* ttio ^r«y» liftv» h&sm dotootod b^ r m r tciio* 
oaoidsl Oa(ti) d#t@clorof 41 CQn ^ ooliimo £B ooibiQi^ tefioo 
%dth thii {iii>»cs«ptett]r<ft in tho tszcct dofinsd hf tlio 
eoni^fts^ioaiil method of the 1234 tOLioeoipo StHs 
ii^oeosit ttxim rdsolation f<s^  2 «? II usee. 
yiftias for ISb ana; Cs £»aci 233 p l ^ ^ a e e d ^ fiiwlm.: 
spectriin li^utroa^ l ^ c * Il(i»«ii;*10«5# ^b(V*l#?4# 1872« 
tfm Qfi»litio fisfiioni tias nKmsured uaing by « misa 
s^ mctrogimTti ^ic^oood with a modificEfl Semaa typo 
mxttms& ionization manecf^ plaeod n«ar m imdl^r hnist 
iUBKitov Xiv^ tpMOdant ylold of rriost <if tho teotopo 
8SKi@7 t;^  and 139^46 Ca Maa i^ainod using fkactlonal 
inddBon^^nt and <^j|} 3il<i|d8 dtedt|oad fxtm xoeon% 
cniaolativia 1^ and ^ tasaeus^mo^* ^ho zwaalta ae« 
tittod b^ r a thaott^ioal i^odel ^Snom parKsataraT^ 
Imsl^ odingr ^ cfiaagro iS«\^tie8} and aeiyi aQUam iaobaalxs (3@viatioti, am cibtainod ?ho frsctioiaal iadoarNS^ Ktt 
yiaid, ax^ lottar by (20 ^ io)$i for bottijlaaotaa th« 
iQsail i^ltM al»win9 Q « 0 arvan 2 off«N9t« 
2Si» llOTDl»oiJf9<B,m«ko *?pin of low.« 
A 218, If 7 .Jtol 19^4* 94U©4w 
^ 9 spin of 13 r>»gton«ix»Hi in tti9 2 ^ 0 
ttloM fioistron <m»ti8 oaoticn l^ fliKr in ^ « 
TWili^ zdii mmmt vmium htitmm J% and %B ^ 
vffir© cS#tormiii«fl by lusjRWtrliig t!t« trtriffraisslon 
of $K>l«riQttd mono onoKcr^ie iwotsofi tfirotigh « 
ta]i?gfc^ t: ill ii^ ic&i th^ ? ^ tr mtalmt \mm p^weimA 
^ o tai0Dltu^ mammt of t3Stf ia eoaeluditd t o bo 
F^y!gr??\l» f?t^ O!^ Hg ^ jtjt TON? 
•ooount fiasl^n C5rosa«»«3etic»i of 7 WJ ftwm 0»OCffl 
t© O.IS, <!Jir una itfl >«f?0maee v^lvio at ?S0o a / s , 
S*mgA*^^Sb&03f,^,^f J^ eT*^  lW3f 64S-76 
;il 8i<i» <* .^nip?r at S^^ rt?.«»ct't3r la^e lisoa aismltunaoiie 
ipso'jrdlnf^ o^ miXB«*-hol^ and tlioo«of-»fM^t epectro 
of msaS&aoi'mitt cwparod 335tf F4-*3>«i7^9 aRdl 6t£fi(3afid 
oloawital boi»»laY«rs tst-r« ii«iae. Ttio a^iinistlon of 
10 S(a#a) !*2 afi3 2^ty(a^f) if^otifm ftratgsiwit* i « 
R«i«39 wltli ti mirfacoobsixriar dntisotor* *lti<i abeoluto 
lOB OQOt^ ttO WSCO a€!t«!S«iQ0A, Hi® EOl«ti^ ICB 
QOfife#rrt9 Of the sten5air3 bora*foil» -wom €2i9eile<«l by 
tlKsir mutj^srj Inauccd t®,nC5t JDR ratess l a the tj^ ^Rii^ jgY 
of th« fitfslota ^epJTlTHait* *fho amsant o"* ur.iiilix» <»i 
tho f f f f ib lo f o i l la «fl0tr«rmlfiepS 11^  iBreclro loi? 
<9ecsu©tiy Oiswiti!}^* 
*.!33» s&l!Sf?.P.C^ ) and cm/?P5!%J2Sf ^ ) E^at^itatlcp ond ]kiaotio 
or^p?Tles of isrcn i^st f insio^i ^agraonta.' Htgg#t<Bttagit* SQl3 
St l§69f 313*.16# 
Ssssitatlon and Ttifwrtiio otidx^iea oS prerant fnig^onta 
fwm th® thsoraal n«iatroa Iw^uood iimim of 9330 and 
«ir!»nta«?50ttc H^isigm of 58? Cf or© ostlmateS by uaiof 
a rw^ER^lin^ cfaa rao^l sacS thcj pet<mtial ^mtegy 
mminm^vyspt.*^ •rb® trodlekloas a^res f a i r l y i«ell 
mvostlgation on th« isriiii«nr •niA0 «I^  %H« 235tr f isalon 
C^t}« i»Qmpt vttdlatioii «iitt«d la 33311 thflKtHBl Hetloi} 
tias b«3®ii i!3Vii9t!l^ i[tii(i in th9^\^t§mrmmtm^ «tperlf3«!it 
mdw^K&p^ of tli« «miff»loit h«ve> biMm mmmxt96»»peciMtlY 
yloia «na sniaotropiir as « fttnofcion of ftm^nent 
mafift iiii^  iMMMBi^ y* *rh«9 insss a«i!»Q e^a of tho primary 
spins of tho fra^pisnts mn bo dedtiesf^  from tlisso 
iiieasartfBsnts. h imlt's of Ttli far ^ A wmie&gm ptimant 
OTiSsi emS an Increaa® of «h® r^lniwP3r spins mit^ ilfi ©a<eH 
fission '^ r'liSBrt ci«wp in db««|iiod* fhls dsiaAiastieo i s 
mmialnc!^  %d.thln nn adiabatte iqodfol of seission dy* 
tbo tli© rfeis© dlfl|jQf^ <»fif»€> 'o*? tfi© i^focmat ion 9t iCra^ i^ofits* 
In K I6«ra7 «ni««siq|n l^uxlnrr thasmal fls.sion of IIS3S* 
Iho tl»99 9t»etrti!ii of ^«rays result: tney fnsra Intsxnal, 
ccefmsmi&n fren l i ^ t and hnwff fif^slon fn^jpients vas 
obfeainad aM>Rg a dotf^ctor ^le9t had both tli»s anfi onovory 
rs!»»l»tiQn* H^iexBiaX iimiam of 0 3 ^ %MIS ussd afi6 gavo 
iNmy fMia^ ea at 16 ^tfV for l i ^ t frogmsnts and at 3t MV 
frex!) Ii@a^ fra^piants* 
a3&J !lASiCAltiX<oJf) aisrgiy and angler distrlbittlomi of ipngr 
raago i^haxg^ laartlelos in thsnnal fission of 923SJ 
nael^ar lityBlm and solid stato phywicm syamositia abst 
only* ISoiEiay 6-4 »ab» VSff7 IptpJ 
ft 'ms ffiKind that for th^ tt^al iosg ranpi ctiargod 
partielos tv^P} memw raxga tho esstmsd Qisi^sion idtapa 
eot the mgalar ocMrrolation function i s only vali^ for 
the anpular region of # !^ absoit th^ fission astls*' 
mission of fislisys taseloi in ths iSAgma^ dirs^iixis 
at fissiof) .of tl?l^ indtss^ by thtsxmal aoqtroBS«Wi»liei 
lyfs , I8*5f ISfirSr mi^9j " 
?ffl. 
1 % I* 
Wtmixm fsm lmiae»«8 by «lia»!^l ntutrems wtth 
aiUmiltaneoua «8t8i»lon <i* »• melkmi iinftti^  englei 
elos« to o result «a t o the f ission ssdts* i«i« 
in\i©stlg;ated Th« energry ©pwjferwa of Ite* wjeiei 
«!«lttQ# in th^ dirsfitioii of fragaonts i^ xsmmxemA 
?4©i<3 of, fl94 *fs tho on«5i^ ipangjo 7*28 t^sl was 5.? -f *s) tfV3 <w st€r«aM# islwiro 13 t r i» tlwi 
-^iri l e lo yl0l,<3 frcm the trlpli* fission in 1 ^ 
&iCT9 en^ jft^ y r«ncra» 'J'H© vKomr b«in<t fear th© a ^ .yield 
In til® «n«c9y rafi^ v ^ 3 5 Wi^  wia fia^md t© be 10-4 
BCCSJ/uiQ^ ' Cv*f!,> «^«. en f»1v? maw^ton of t!taa«»i!^ 
Ih© ^Itna of ® oo^ff loiQRi; K ^icl*i t^ feea intd aoa&uiit 
tha laQiftMe*! r€MS»il « f^ii<st nt tii«^  oopftdtmotion wltfe 
SJffll w KR hptt o^sTOiln o-*^  th«» f*'>t^-fiscitai tajjoducto siass 
distrihuticm iM caletiiat^d « r iUffortant fsaisrWEft fflas* 
sfttios of 0233 ZiiR9 f iiis&em hy nmemX tmuttron ^od 11393 
toy fcnt rraftitroa, 
239» A^tSGO^ iS? (n) end vou OfiTTrsCm) Jrtd'^ pufs^ nt fsractional 
Dec idTSf 449 
4««S %y 19^ 73) 
Afifear cfiwralail uorn^ratiosi, tho iSOt^ n eant^nt of 233U 
?35U an<5 ?3*Jm •>«i3 i^ gtrnniR.'?^ by gantna 8>»otni noapy «nd 
Its activity \4aa ecraoiis^ ifith that of iSl l|3 B^ui 
nioit T^grobstjia diespga valtit^ Immm as th® Sf»»^luB WKi 
497^ t2iit€<d for fiosion frmgitiQiiti with fmm ISO «ii8tmicig • 
g?itifj!5iiBB Chart?© dictr&u^lon «itli « ^ U y iS9 ^ 0»0S 
lEfso c^^ainoa ^ovaltio «£»© cangs^ roa «ltli tJ» oandraS 
diaei^ Aimrnt^iiaii cmav^n of fiosioning {»»l«i» 
:!40J fin3Ti«»A(m) and sat2K»Cw>.jDr^,"2 <^sjcltatiion la ftaoiaa 
ffrag^tQsts^ Tjft^ l«i!fivfl»ji t78. If ma, X9?ly 9-l«y 
Dtmlcj Qi«sitr,tlon in flenicn frtifinw'ifee at th© aoission 
point ^v& bocm stadiisd in * oUtBaiiNkl nodoi* ^stmm 
mmitmtXfsr^m oorreerjond to « density fluetmtian a»ta£^ 
by th9 (^ stiXc^ fo smmaaion by tbs f^agraontc* j\ eintplQ tt© 
su®i« iiT^pmxisfiation to t*© iio£fl!i)n oonfi^naratlon ia 
a«w3 for th09e atadi«ii» "Pho di'iole dtosity distrib i s QfetftineS iTstOk m !iydxodyni«9io« pioturtt of tho f c»0»oiit nucl^  
air tknB the: dipOloo «a?ilit!i^ ntis'«9'>t<ir mfv^  UsstA by 
minlmisri»cr tho total iTotontioi «nicgy gt 1 ^ «eisalon poin 
CaiailatiO!) haw boon medo f^ tho eymnotrio «id 
aiaifQiQotric seiaaitm cmf i^tmitiQ^ oosrosnondiag to 
the fission of 3 ^ tl by t!»Kffl»i nmitroa, flio dipolo 
osBdtatim i s i>ui^ to bt i^ M»it ^ H ^ in «i^ idi9ii«it 
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mr^ at tho tmem tinw tho t«>t«l <8^rg7 i& l^ ni^ c^d I f 
I i«w frpitt i t s imiuii e«].C!iil«t«a iclth « wiUossn Ans i ty 
distrlbj 
f ields of .9S3i; firom ii^ ami|,««aautiPQii ^Issior; of 235U AIKS 
Ueefspdeiit; f i ss ia i ^ialds of aSsur anorn thoxmal nsiSkitKi 
f,i«sioii ,of 535 U aaa 23fl lt«ve bf^n a<#«riniiMd t o bo 
•004 • tOoS and »034 ^ *oos» imspeoti'Mi^y, tKom tho 
v a l t ^ Obtained, togalb»r vith prcn l^onaXy iBtatnnrod 
^dol^ tho vidth of tho iSiazv* eimpmmm for n u t 
OS fispiim p^ odUGt ID O^ tho ne»£f^ Xj Ctvumim 
oitiva« Df} titfiar lirait of .96 for in th« eaao of 
taaaa-v^ S pr^ xSuot^  fram $330 fianion ladloatoai thu^ 
i^ Nuroo diaoarsiofi in ttiiti nystaRi i s similar to ^lat 
for ^35 tl. 
24a j c3KA?*itf!x CA)# miKTCR tm) mA Bimuja (CB) flis » t t i o of 
the <9i!E^ ct to feho cumolatlv® yi^ j^ l^ l of 1335* ia tho 
thost!!^ x^tmrm Hmimn of ?33TJ# .22611 ? 3 9 ^ aad 9.41 ^ 
amaa•^T•^yffl, V 44/ Ir 1»6C.| 237-46^ 
^® rstio of tho direct t o e«pMl,afeiv^ ^ o l d s of tSSlQt 
iro*oc©i9 Hi thomal nautron ^isfiioa Vm& been doterminod 
bf ms&^ sarlfWi t!n gswjth aail d^eay oC? this wiolieS© io 
Sn^^at^l nm, tmu a^SPa as^ S ^41'^» Mtear a s^i!t 
ivradiation in a lo» hsutroo f!ii9C# t3to ffRo^t of I3S3Q» |iicx^8ii90s m^ vmndhm n rnastSjnom sit sjbemt i l hotir^ al^or 
the 0n^ of thfs trrsaistifm. ThQ aiir»ct ^ ^ 4 of 13S:3© 
m»51fi@« thc^  tliwi this ma«iitimi i s s^ sneStoa* 
243,? PbmB^wmAT), !%5n:^  i?**i»yi (smltttill in tho tbttmal^ . 
a^is; ?i Oetoasi^tSf 4i3«25. ®* ^^-^^ 
91^ «V8»ii9a no «fi^  mv&r&f& massgf of »^v&fa astittoa «dthift 
S ttisoc aftor fission hatvo bctm ^otoxralaod as ftina^ioa of 
tpi^^iiut Riafic afwf ttfs .fiiaciatlon oS total K. t!t<iy ^oni 
Qibtaiiie^ £ro!!iji fouoi^^arat^trr^o^psritaai^ that x<96EDrdo€i 
«fW9!>.V-«^ '"ssit, eorralato^ of j>rimj ii*^ a of fi^9ia>»ft-agBiiBt 
piris^ m^ the tl!«i i-elatlvn to tho fiissioa at ^ t u 
v^TfSjrs Twig OISHOCT-OBK 
1 2 * ! 
244. mpmo CliA>«te on Mmf^mmefm fission tl236 ,^aimmf. 
mm. Vf.Ti tarrsf 234-^t, ^ 
v^s^^iXi^ o£ f^ a^dlfticftlo!! of omntitfioaasly fissii^nliMf 
?ieHSi afe«5fes<5. IJsIcv^ <30l/ioidc<ieo of! ^insSoii irmgiwints 
tfitli €S»mfiorp«aii *l3J^ lc^ t:«ls* cSmrncteriitik) co«)^pia 
!?Qdiat.l0n of K and L fi^esdc^ ot V sndi soft c^^gjflistiqo 
wftli «w»fw *o <^w2<» !««r,tsssir© nieasursd. Hai'lng «»fiX|p«« 
fji© i»iaf?it«emftnt remit« P3i«^  cs'^sairtg that th« v^iu* 
of liiitfr»llf» fwtiad for cpotttanacus fissiontog ISQifwr 
l i e s »fithin S^f^-O iicds* oaa has ebkaiosa thf y e^Sia 
of nK«ite(»i K mti& % ra&lrx^ian ant to bo fiig^« ^un 
t^th tho iwrs« QcwuTRcy/ an cbnano© of aoy •Ila© wtHi 
<?fioi'?gAen I^JB tJu i^ 200 KgRT tliich «tii t^ ridfi to 
t^smum l^^.mitm* *rh0 o!*.«in«3a data «r© Wtrg eaalj^se^ 
In the tpv^m i^sr^ of tIsQ hyp^^^oRis em d « M e peiK 
BsieX^ a^r |stJaKJ» dletrCb mr thssra^ nstttstjn final a* 
"^^ ta GTaif'Ci'lC'n of Z s3*arsisyo b>' ^^isiijst fiss^^nta ^ ^ 
in' R 52C: afto«r Sl^ .'^ s^ n Hi^ s b-:*e!ii istiiuSit^ d «•« e 
th««al n®i8:i:«?i lr^l«f!^ fisjj,ien of 233t?, 239Ptt anfl 
opantc«<K»ift £l8oi©n of 252Cf# 
f!Mi3 fission t»f 0 23S»2tys»1^g»C, 3^2t ^ab# 19^2r 
S43uSi, 
maa® ositig mlea trsd^ deisiie^ors. Finoioa of tniB 
i$»c Inducad by MiesmoJl nsufcitjo and Jio ffss i^a «ifS!alo3^ 
ac th-^ -) lariiwiaal «toi:©lfi^ raiit@ri^l.« I«i'!iits saw rtJpcsiftofi 
6a? the Ki«slcl <^ 2 paodttats lAth insng© of^atar than SO ctt 
fia.sfcroiiP £pm tlipi thext«a.V»n(Hits*cMj fiff'-lon of trS35. ntKai» 
Scl & I9)g^ » 3S«I» a^pt* {774«^ a»40P« 
HsaffU£fef«2nta of tha antetra of dolrifod nasitroos itm 
th<» t lysm^ fIsidon of 13S? ^m reRsartod ovor ^tm 
•mfflo? a:^!?^ 30 to ISOO ifeiv, "mo r«i;:olution i t 
«sffiffiffiit to idantify th© locstion of uoAs in tho 
r v ^ r a * ^paetga for thstis diiKtearo«t oQuats-irradistlQQ 
cycl© tm mmtmS n l ^ th® i t a r t c ^ upe^santing « 
R9fir *3<mllinritia stioe^ftis for <^l®yid ncRttcnns flpcra 23S99^  
Oomtaarl^ ion ^t l i •sd^tin? dat« ahott i^ lat imly good 
iigmmsnt to tha ap^ietrai PM1;9* A Q9rr«etion for thQ 
ohif^ l'fi of th'-J aot*«t€*r i s latro^isapl sniS ar»»»liod t« , 
tli«» csttKTent ftJid rw&vi&^B «O3B5C with iftBa«9tt^l0 ziQjfiiita* 
"^ <3m0rfil tJvB n«n# upocjtra aro ©offecir than TJiPsviQiwIy 
ri-oortef! ^n<?' tsl-KSw mc«p» ^talX«iS ^Kutsttrre* 
224@»^  tr^^m#<H) Hii^pent^nt iswfliorlc ^1^6 ratio of 149 M^ 
In th® th«!jri5al*-neatron .lii^ «ee«S timi<m of 9.33W* ^ ^ ^ o « 
S^S -^a 1 4 ^ ^ (t-> h«^ K3 be«f} *9fc«rrnl««d in th« th«icia»i 
iMtstrein in«*p^ ftt«el<w3 of ?33U bw radiodhfiikiattl ti^e^i/qiom 
cmlrttlatltm hst^i^ ori u ot^Msftical theory of kh& fi«t« 
aiotribatioft oS tti© tafiisary fragwint ha« bsisn raa«5« ior 
!:he Iscyaoi* rntio* i. v^V\& of n^ c^i'i wio^il^r monwuton of 1it« 
prlraary frefjsnnt, J' ts !5,3 «>,0* ims oSstainod by eofupoii^ lns 
tho <i3«'3T.'?riia!»ti^ l l-^orwr rs^Vin, «( m 4> Og) w 0.80 • 0*O6f 
i^lth the ailsuJ-fttci ^du^i.i, che nc-ltiitxis?4i of th$ irm^sme^ 
lingular roomattt^ta agr^ad \mi\ witli a t^ 'o'Slctoi^  nmltiQ jpesaltlncf Crcm calenlution b&3«2d on the afeatifcfeiesl. moflal 
isnlnfy the arsi^ent «K30ifcstton eno-r.^ y twitch hr»s be»ti Qsti!!te}t»^ 1 'Yo-n the fK»9ri*:ioat.';l datr., a? tho ppceipt noMtraii 
VR.!i^,riaMa>t?itfir:g^sy 
149.- KOutnCnJ vfji'?;jrA (-r^cJ And ^l^'-ltrr-df.-t,) ealtailatloa of 
eTif,ri50 vibrjatlsi 1^ *. fic-ion tdth the struct ii5S!«y {^ @|,X 
cforroction, TTacjl.niy^.^. j^  5" ?^,2t' fnrl i , 1^4? ^55«68 
1[*»o gtnitlf^9'ky atioll <5o«r«h5tit»ri method h«o been ftp»U«A 
tea th« N^JO -'itftflRrtlodi i!>onf«l fea at^ jdhf cfhttCKar* irij^reitions to 
fission* rhe Invest:t'latliw i© cnrricifl ©ut by culeul^ting 
th«<=% Tifefsititlal tsn^t^ suirfae® 'with r^at»ei to three dagnrasa 
of fg-ivM^^ f diastya y0ir^.tlcm ffwr> tha miforoi i^ltM and tlio 
^tefoiwtetiorw of th« t«o mtm^fmrtkmJ'i^im r»«il«8 «:^ if^ €»iife Uiat 
th(9 Qf 4^ «ot o^ simlla Qt %»£M> o!^ i^^ B62 ilo (ictt e«iido larQa 
tSevlafcaor^  from tha Hernia dsfot* madal cStai^ danaity «r«i«ld 
tm0p tni tholr sffoct la n^ Mlh moro wwwoneaa in the 
f3Raga®nfc 03K:itati<5n csterery, ^lie ri»milta alao ©lag^ ost l^iat 
t2N«i fira^«©nt caecitEtton and tlBotlc tsfiar^ias for © glyaa 
ma^ tn rit^^ *^Q ^.i.v'.miy by .<«i«,rgfe daiaity SatJiansJent, Soma 
fc»attiK«o ItthsrsKt to this tr3tila»t3t with SQGooct to 
charnctrrii3iic^Tcrlo<3 of Infiivitbol <3cgrea of l&r s^ass h » ^ 
CK5SB! Gi«JCaSC0d» 
U l 
mfmm nnffPfirmrioi^wxiR 
in t^xrVGntriml end Imm: rodta b^ r i^afis of flseion 
trae^ ar>^  mlarcRardbfj ,^^ eStjrji^ *iQ !t«mtddltfi0c 
th<anr»al Jtswurons* thus lfiateln?5f fir^slon of 23SO 
If airing tSi® irradiatior! tho iavastigat^ 
«mbiJt«8iR0 in In cl©-^ € c^afict with an itT^iropriato 
d|®f*oct4rr fo i l part o£ tno ficcioii p):o(fueta ^iH 
iQcmstraiQ into tlje <3ci«et»jr loa^iatJ fit!8iai*twidk9, 
cfO'jn* od *iRjf ;?2r e MGX^BCom* '^t qari«siklt«tl'y» 
uranixn i^tnr- In f^cio.-i an fim£i-a:3ricit« refiferafjc,® 
nt.^ Rf^ rrt XB QIS© ',?XJBC«II oii thf; aat<?cfeor folX* 
fJriw.iini eonof^ntrpifei^ Is IM eisa~5lo sntS ref«r«(ico 
nfcufidfjirti arf? in rium mftlo as ii^ a corregiaemliitg 
eiEsion trees? dwisltlcs on tho t3«!t«?cfcor« ftu s^o. 
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